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ABSTRACT
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Backus-Smith puzzle, and the UIP puzzle. The model has two main building blocks — the
driving force (or the exogenous shock process) and the transmission mechanism — both crucial
for the quantitative success of the model. The transmission mechanism — which relies on
strategic complementarities in price setting, weak substitutability between domestic and foreign
goods, and home bias in consumption — is tightly disciplined by the micro-level empirical
estimates in the recent international macroeconomics literature. The driving force is an exogenous
small but persistent shock to international asset demand, which we prove is the only type of shock
that can generate the exchange rate disconnect properties. We then show that a model with this
financial shock alone is quantitatively consistent with the moments describing the dynamic
comovement between exchange rates and macro variables. Nominal rigidities improve on the
margin the quantitative performance of the model, but are not necessary for exchange rate
disconnect, as the driving force does not rely on the monetary shocks. We extend the analysis to
multiple shocks and an explicit model of the financial sector to address the additional Mussa
puzzle and Engel’s risk premium puzzle.
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1 Introduction

Exchange rate disconnect is among the most challenging and persistent international macro puzzles (see

Obstfeld and Rogoff 2001). The term disconnect narrowly refers to the lack of the correlation between

exchange rate and other macro variables, but the broader puzzle is more pervasive and nests a number

of additional empirical patterns, which stand at odds with the conventional international macro models.

We define the broader exchange rate disconnect to include:

1.

Meese and Rogoff (1983) puzzle: nominal exchange rate follows a volatile random walk process,
which is not robustly correlated, even contemporaneously, with macroeconomic fundamentals
(see also Engel and West 2005).

. PPP puzzle (Rogoff 1996): real exchange rate tracks very closely 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).

A related Mussa (1986) puzzle emphasizes a stark change in the properties of the real exchange
rate associated with a change in the monetary regime to/from a nominal exchange rate peg (see
also Mussa 1990, Monacelli 2004).

Terms of trade are positively correlated with the real exchange rate, yet exhibit a markedly lower
volatility, in contrast with the predictions of the standard models, suggesting a particular pattern
of the law of one price violations (Atkeson and Burstein 2008). In addition, the real exchange rate
dynamics at most horizons is almost fully accounted for by the law of one price violations for
tradable goods, while the relative non-tradable prices explain little variation in the real exchange
rate (Engel 1999).

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 Benigno and Thoenissen 2008).

. Forward premium puzzle (Fama 1984), or the violation of the uncovered interest rate parity (UIP)

condition: the UIP prediction that a relatively high interest rate should predict a nominal ex-
change rate devaluation is violated in the data with an opposite sign, but a nearly zero R? (see also
Engel 1996). A related set of puzzles explores further the dynamic comovement between interest

rate differential and exchange rate changes, or risk premia (see Engel 2016, Valchev 2016).

We summarize the above puzzles as a set of moments characterizing comovement between exchange

rates and macro variables (see Table 2), and use them as the quantitative targets in our analysis.

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 account
for all stylized facts introduced above. Such a model of exchange rate disconnect must have two fea-
tures. First, it should specify the driving force (that is, the shock process) for nominal and real exchange
rates, which cannot simultaneously have a strong direct effect on contemporaneous consumption, out-
put, prices and interest rates. Second, it should specify the transmission mechanism, which mutes the
effect of volatile exchange rate fluctuations on local prices and quantities. Violation of either of these
two properties would break the disconnect. While the literature has provided a lot of empirical evi-
dence on the transmission mechanism, we currently lack direct empirical information on the details
of the shock process, which could account for the bulk of the exchange rate fluctuations. Given this
state of affairs, we adopt the following strategy. From the outset, we tightly discipline the transmission
mechanism with the empirical estimates from the recent literature. In contrast, we initially impose no
restriction on the nature of the shock process, and show theoretically that only one type of shocks can
produce the exchange rate disconnect properties in general equilibrium.

In particular, as a diagnostic tool for shock selection, we consider a near-autarky behavior of the
economy, and require that the shock process produces a volatile exchange rate behavior with a van-
ishing effect on the economy’s quantities, prices and interest rates, as the economy becomes closed to
trade. Indeed, in the limit of the closed economy, any exchange rate volatility (real or nominal) should
be completely inconsequential for allocations. Not surprisingly, productivity and monetary shocks, as
well as the majority of other shocks, violate this intuitive requirement. We show that the one shock
that satisfies this requirement, and additionally produces the empirically relevant signs of comovement
between exchange rates and macro variables (consumption and interest rates), is the shock to the inter-
national asset demand.! We then demonstrate how this shock can have a variety of microfoundations
in the financial market, including noise trading with limits to arbitrage (e.g., Jeanne and Rose 2002),
heterogeneous beliefs (e.g., Bacchetta and van Wincoop 2006) and financial frictions (e.g., Gabaix and
Maggiori 2015), as well as time-varying risk premium (e.g., Alvarez, Atkeson, and Kehoe 2009, Colacito
and Croce 2013, Farhi and Gabaix 2016).

Further, we show that the model with a single financial shock is consistent both qualitatively and
quantitatively with the exchange rate disconnect properties. In particular, small persistent shocks to
international asset demand result in a volatile random-walk-like behavior of both nominal and real
exchange rates. As the economy becomes closed to international trade, this shock still generates volatile

exchange rate fluctuations, which however have a vanishingly small effect on the rest of the economy.

! An exogenous foreign asset demand shock has been widely used in the portfolio models of the exchange rate (e.g. Kouri
1976, Blanchard, Giavazzi, and Sa 2005), and it is also isomorphic to a UIP shock, as for example in Devereux and Engel (2002),
Kollmann (2005) and Farhi and Werning (2012).



Furthermore, the transmission mechanism in the model ensures that exchange rates exhibit empirically
relevant comovement properties with macro variables, even when the economy is open to international

trade in goods and assets. In particular, the transmission mechanism features four realistic ingredients:

1. significant home bias in consumption, consistent with the empirical trade shares in GDP, which

limits the effects of expenditure switching on aggregate consumption, employment and output;

2. pricing to market and law of one price violations due to strategic complementarities in price

setting, which limit the response of prices (terms of trade) to exchange rate movements;

3. weak substitutability between home and foreign goods, which limit the extent of expenditure

switching conditional on the terms of trade movements; and

4. monetary policy that stabilizes domestic inflation (as opposed to a nominal exchange rate peg).

Interestingly, nominal rigidities are not an essential part of the transmission mechanism for generating
a disconnect behavior, and therefore we omit them in the baseline model. Later, we generalize our anal-
ysis to an environment with nominal stickiness and conventional Taylor rules, and show the robustness
of the quantitative properties of the model.

Furthermore, the results of a single-shock baseline model are robust to the introduction of additional
shocks, including productivity and monetary shocks. We calibrate a multi-shock version of the model to
match the weak correlations between exchange rates and macro variables. Using this calibrated model
we conduct a variance decomposition of the equilibrium exchange rate volatility into the contribution
of various types of shocks, and find that financial shock still accounts for the bulk of its variation, while
both monetary and productivity shocks play limited roles. Since the structure of our model is rather
standard, the transmission mechanism for monetary and productivity shocks is not different from a
conventional international macro model. What sets our model apart, however, is the emphasis that
monetary and productivity shocks cannot be the key drivers of the exchange rate, if the model is to
feature the disconnect properties.?

The tractability of the baseline model allows us to solve it in closed-form and emphasize four novel
mechanisms. The first new mechanism is the equilibrium exchange rate determination, which combines
a financial model of the exchange rate with the general equilibrium discipline of a macro model. A small
persistent increase in demand for foreign assets results in a sharp depreciation of the home currency and
a slow but persistent appreciation thereafter. The expected appreciation increases the relative return
on home asset in order to ensure equilibrium in the asset market. In turn, the intertemporal budget
constraint requires that these future appreciations are balanced out by an unexpected depreciation on
impact. The more persistent is the shock, the larger is this initial depreciation, and thus the closer is
the behavior of the nominal exchange rate to a random walk. Indeed, our calibration shows that the
equilibrium exchange rate is indistinguishable from a random walk in finite samples.

The second mechanism concerns the real exchange rate, and in particular the PPP and related puz-
zles, which are often viewed as the prime evidence in support of long-lasting real effects of nominal

rigidities (as surveyed in Rogoff 1996). The alternative interpretation in the literature is that, given the

2Therefore, while we emphasize the same empirical patterns as Alvarez, Atkeson, and Kehoe (2007), our conclusions are
markedly different from theirs (summarized in their title).



moderate empirical durations of nominal prices, sticky price models are incapable of generating persis-
tent PPP deviations observed in the data (see Chari, Kehoe, and McGrattan 2002). Both of these views
adopt the baseline assumption 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 deemphasizes nominal rigidities, and instead
shifts focus to the nature of the shock process. We argue that the behavior of the real exchange rates
— both in the time series (PPP puzzle) and in the cross-section (see e.g. Kehoe and Midrigan 2008) — is
not evidence in favor or against sticky prices, but is instead evidence against monetary shocks as the
key source of exchange rate fluctuations. In contrast, we show that financial shocks drive both nomi-
nal and real exchange rates in concert, resulting in volatile and persistent behavior for both variables,
thus reproducing the PPP puzzle. The only two relevant ingredients of the transmission mechanism
for this result are the monetary policy rule, which stabilizes domestic inflation, and the home bias in
consumption, which limits the pass-through of exchange rate into consumer price levels.

The third mechanism addresses the Backus-Smith puzzle, namely the comovement between con-
sumption 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 comove-
ment. 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. Intuitively, an exchange rate de-
preciation increases global demand for domestic goods, which in light of the home bias requires an
increase in domestic production and a reduction in domestic consumption. We show that 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 financial shock as the key source of exchange rate
volatility, there is no direct effect, and expenditure switching is the only force affecting consumption,
resulting in the empirically relevant direction of comovement.®> Our transmission mechanism with
substantial home bias and low pass-through into prices and quantities ensures that the movements in
consumption are very mild, much smaller than those in exchange rates, as is the case in the data.

Lastly, we provide an explicit microfoundation of the financial shock in an extension of the model,
in which risk-averse arbitrageurs intermediate international financial transactions and require a risk
premium proportional to the size of their currency exposure. Without compromising the model’s ability
to match the main exchange rate moments, this extension results in an endogenous feedback from the
net foreign asset position of the country into the risk premium, and allows the model to reproduce the
non-monotonic dynamic comovement between UIP deviations and interest rates, emphasized recently
by Engel (2016) and Valchev (2016). The model further implies that a policy commitment to an exchange
rate peg has a coordination effect on the arbitrageurs, encouraging them to take larger positions and
endogenously suppressing the volatility of the UIP deviations (as in Jeanne and Rose 2002). We show
that this mechanism is important to account for an additional set of stylized facts associated with a
switch in the monetary regime to/from an exchange rate peg, to which we collectively refer as the

Mussa puzzle. As with the PPP puzzle, our explanation here emphasizes the nature of the shock driving

3The analytical tractability of our model allows us to establish the relationship between our results and those in the earlier
Backus-Smith puzzle literature, in particular in Corsetti, Dedola, and Leduc (2008).



the exchange rate and the monetary policy rule, rather than nominal rigidities (cf. Monacelli 2004).
The rest of the paper is organized as follows. In Section 2, we describe the baseline model and
prove that the international asset demand shocks is the only shock consistent with the exchange rate
disconnect properties. We also discuss in this section various microfoundations for the origin of this
financial shock. Section 3 then explores the qualitative and quantitative properties of the model with
the financial shock alone, addressing in turn all of the exchange rate disconnect puzzles outlined in
the beginning of this introduction. Along the way, we also provide a discussion of the relationship
of our results to the existing literature. Section 4 then describes a number of extensions, including
a full-fledged model with nominal rigidities and conventional Taylor rules, as well as a model with
an explicit financial sector with noise traders and limits to arbitrage. In this section, we also allow for
multiple sources of shocks and provide a variance decomposition of the exchange rate volatility into the
contribution of these various shocks. Lastly, this section addresses the Mussa puzzle and the Engel risk
premium puzzle. Section 5 discusses the implication of our results and concludes, while the appendix

provides detailed derivations and proofs, as well as a number of additional extensions and results.

2 Modeling Framework and Shocks

We start with a flexible modeling framework that can nest most standard international macro models,
which allows us in what follows to consider various special cases and extensions. There are two coun-
tries, home (Europe) and foreign (US, denoted with a x). Each country has its nominal unit of account,
in which the local prices are quoted. In particular, the home wage rate is W; euros and the foreign
wage rate is W;" 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). We allow for a variety
of shocks hitting the economy, and proxying in some cases for unmodelled market imperfections. We
then explore which of these disturbances can account for the exchange rate disconnect, as we formally

define it below in Section 2.2.

2.1 Model setup

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

sumption and labor:
Kt

= 1 o e v
B} e (1 — G ) ’ W
t=0

where (x¢, k¢) are the utility shocks, o is the relative risk aversion parameter, v is the Frisch elasticity

of labor supply, and our results are robust to alternative utility specifications, including the GHH utility
without income effects on labor supply (see Appendix A.11). The flow budget constraint is given by:
Bii1 | Bi&

_|_
R, eVt Ry

PCy + < Bi+ Bf &+ Wi Ly + 11 — T + (Y, (2)

where P, is the consumer price index, (By, B}) are the quantities of the home and foreign bonds



paying out next period one unit of the currency of the issuing country, and (R;, R}) are their discounts
(ie, 1/R; and 1/ Ry are their prices); II; are the dividends and 7} are lump-sum taxes. Lastly, ¢, is a
wedge between the effective return on foreign bonds for the home households and the foreign interest
rate, driven by shocks in the international asset market and with the resulting profits of the financial
sector ), = (e‘wt — 1) %%St reimbursed lump-sum to the households.*

The households are active in three markets. First, they supply labor according to the standard static
optimality condition:

v W
M O7L = 5 ()

=5
where the preference shock x; can be alternatively interpreted as the labor wedge, playing an important
role in the closed-economy business cycle literature and capturing the departures from the neoclassical
labor market dynamics due to search frictions or sticky wages (see e.g. Shimer 2009). In addition, we
denote Wy = e"* and interpret wy as the shock to the nominal value of the unit of account, which
captures monetary shocks in our framework.’

Second, the households choose their bond positions according to the dynamic optimality conditions:

1=R/E©;,1 and 1=¢"RIE, {@m“?l} , (4)
t
Cio1\ 7 P
h C) = BePxe+1 [ 1L
where 11 = e ( c, ) Pix

is the stochastic discount factor. The time preference shock x;11, as in Stockman and Tesar (1995),
affects the consumption-savings decision and acts as an intertemporal demand shifter. The v; shock
acts instead as a demand shifter for the foreign-currency bond, and in Section 2.3 we discuss a number
of microfounded financial models which result in a similar reduced form as (4).

Lastly, the households allocate their within-period expenditure between home and foreign goods:
PCy = PuChi + PriCry,

and we assume the good demand is homothetic and symmetric, and given by:

Cre = (1 —7)e "¢h (PHt) C, and  Cpy = ~el™&p <PFt> Ct, (5)

Py Py
where &; is the relative demand shock for the foreign good (as in Pavlova and Rigobon 2007) and
~ captures the home bias, which can be due to a combination of home bias in preferences, trade costs
and non-tradable goods (see Obstfeld and Rogoff 2001). Note that the demand for the foreign good col-
lapses to zero as ¥ — 0. The function h(-) controls the curvature of the demand schedule, and satisfies

h'(-) < 0 and h(1) = 1. We denote its point elasticity by § = _ Qlogh(z)

Dlog ‘m:l' The demand formula-

*We adopt the assumption that a risk-free bond is the only internationally-traded asset because we rely on a log-
linearization for the analytical solution of the model. In Appendix A.6, we explore the role of asset market (in)completeness.

*In Section 4.1 we provide an explicit model with nominal wage stickiness, local-currency price stickiness and a conven-
tional Taylor rule, which offers an example of one typical source of (w¢, k¢, ut, ¢ ) shocks (with p¢ and 7: defined below).



tion in (5) emerges from a homothetic and separable Kimball (1995) demand aggregator, as we show in
Appendix A.2, where we also derive an explicit expression for the price index P,.° In our analysis, we
focus on the behavior of the economy around a symmetric steady state and make use of the following

three properties of this demand system:

Lemma 1 (Properties of Demand) In a symmetric steady state with§ = 0 and P = Py = Pp:

(i) The expenditure share on foreign goods (the foreign share for brief), defined as Iszgf t, equals the

home bias parameter ~y.

(ii) The log-linear approximation of the consumer price index around the steady state is given by (where

small letters denote log deviations from the steady state):

pe = (1 —¥)pat + YDF¢- (6)

(iii) The log-linear approximation to demand (5) around the steady state is given by:

car = =& — 0(pae — i) + ¢ and  cpy = (1—=7)& —0(pre —pe) + . (7)

Therefore, cpy — cy = & — 0(pre — pt), and the elasticity of substitution between home and

8log(CFt/CHt)

foreign goods, defined as 0log(Pu¢/Prt)

, equals the point elasticity of the demand schedule 6.

We show below that the values of v (trade openness) and 6 (elasticity of substitution between home

and foreign goods) play a central role in the quantitative properties of the transmission mechanism.

Production and prices Output is produced by a given pool of identical firms according to a Cobb-

Douglas technology in labor L; and intermediate inputs Xj:
Y, =e"L, X}, (8)

where a; is the productivity shock and ¢ is the elasticity of output with respect to intermediates, which
determines the equilibrium expenditure share on intermediate goods. The presence of intermediates
is not essential for the qualitative results, however, is needed to properly capture the degree of trade
openness in our calibration. For analytical tractability, we focus on a constant-returns-to-scale produc-
tion without capital, and show the robustness of our results to an extension with capital and adjustment
costs in Appendix A.11.

Intermediates are the same bundle of home and foreign varieties as the final consumption bundle,

and hence their price index is also given by P;. Therefore, the marginal cost of production is:

_ [ W AN
ween (i) () ”

and the firms optimally allocate expenditure between labor and intermediates according to the following

SNote that the conventional CES demand is nested as a special case with h(z) = z~?, yet we adopt a more general demand
formulation, which allows to accommodate variable markups.



input demand conditions:
WtLt = (1 - qﬁ)MCt Y;g and PtXt = (bMCt Y't (10)

The expenditure on intermediates X; is further split between the domestic and foreign varieties, X r;
and Xy, in parallel with the household consumption expenditure in (5). The total production of the
domestic firms is divided between the home and foreign markets, Y; = Yp; 4 Y};,, resulting in profits
that are distributed to the domestic households:’

Iy = (Pyy — MCy) Y + (P& — MCy) Yo, (11)
We postulate the following price setting:

Py = e MC} ™ PF, (12)

Py, = ettt (MCy /&) P, (13)

where a € [0, 1) is the strategic complementarity elasticity, y; is the markup shock, and 7, is the law
of one price (LOP) shock. Given these prices, the firms satisfy the resulting demand in both markets.
Equations (12)—(13) are ad hoc yet general pricing equations, as the markup terms (together with a
flexible choice of o) allow them to be consistent with a broad range of price setting models, including
both monopolistic and oligopolistic competition models under both CES and non-CES demand. Fur-
thermore, if the time path of (u, 1) is not restricted, these equations are also consistent with dynamic
price setting models, and in particular the sticky price models (with either producer, local or dollar
currency pricing).®

Strategic complementarities in price setting (o > 0) reflect the tendency of the firms to set prices
closer to their local competitors, a pattern which is both pronounced in the data and emerges in a variety
of models (see Amiti, Itskhoki, and Konings 2016), and we emphasize in our analysis below its role for
the international transmission of shocks. Appendix A.2 discusses a model of Kimball (1995) demand
that is simultaneously consistent with both our choices of elasticity of substitution # and strategic
complementarity elasticity «. Lastly, we note that the violations of the law of one price:

_ P& _ Fé&

Oy = P = QY where Q; = P

(14)

arise either due to the LOP shock 7; (capturing, for example, local currency pricing) or due to o > 0
(capturing pricing-to-market). The real exchange rate Q, reflects the differences in the price levels

across the two markets.

"We assume no entry or exit of firms, as our model is a medium-run one (for the horizons of up to 5 years), where
empirically extensive margins play negligible roles (see e.g. Bernard, Jensen, Redding, and Schott 2009).

$Note that 7; can stand in for a trade cost shock, which plays a central role in the recent quantitative analyses of Eaton,
Kortum, and Neiman (2015) and Reyes-Heroles (2016). A combination of 7; and &; can also stand in for a world commod-
ity price shock, acting as a wealth transfer between countries. These shocks are an important source of volatility for the
commodity-exporting countries such as Canada, Australia, South America, Brazil and Chile (see e.g. Chen and Rogoff 2003).



Government uses lump-sum taxes to finance an exogenous stochastic path of government expendi-
ture G; = e¥%, where g, is the government spending shock. For simplicity, we assume that government
expenditure is allocated between the home and foreign goods in the same way as the final consumption
in (5). The government then taxes households 7; = P;e% to run a balanced budget, which in view of

Ricardian equivalence is without loss of generality.

Foreign households are symmetric, except that the home (euro) bonds are not available to them, and
their budget constraint is given by:
*F

B
POy + ];:1 < B + WiL; + 107 + T,
t

where B} are the holdings of the foreign (dollar) bond by foreign households.” The optimal savings

decision of the foreign households is characterized by the Euler equation:

A * Cz:'_l -7 Pt*
1= R: Et®:+1, where @:+1 = ,86 Xi+1 <C’*> P (15)
t t+1

The foreign households supply labor and demand home and foreign goods according to the optimality
condition parallel to (3) and (5) respectively. In particular, the goods demand by the foreign households

is given by:

« ( Pj « [ Pf
Cin=ne0 50 () C; and cp=-aen (PR c g

t t
where & is the foreign demand shock for home goods. Lastly, the foreign firms are also symmetric, de-
mand foreign labor and a composite intermediate good, and charge prices according to the counterparts

of (12)-(13) with their own markup and LOP shocks p; and nf, as we detail in Appendix A.3.

Equilibrium conditions ensure equilibrium in the asset, product and labor markets, as well as the
intertemporal budget constraints of the countries. The labor market clears when L; is consistent si-
multaneosly with labor supply in (3) and labor demand in (10), and symmetrically for L} in foreign.

The goods market clearing requires Y; = Yy, + Y}, where

P
YHt = CHt + XHt + GHt = (1 — ’y)e_ﬁygth <;t> [Ct + X + Gt] y (17)
t
¥ __ vk * * _  (1—v)&F P;—(It * * *
Yi, = Che + Xy + Gy = e th pr Cy + X + Gy, (18)
t

and symmetric conditions hold for Yr; + Y, = Y;*. The bonds market clearing requires B; = 0 for
the home-currency bond, as it is in zero net supply and not traded internationally, and B} + By = 0

for the foreign-currency bond, which is in zero net supply internationally.

*We consider this asymmetric formulation between home and foreign for simplicity, and provide a symmetric version of
the model with a financial sector in Section 4.2.



Table 1: Model parameters and shocks

Shocks Parameters

nominal wage rate

Wt (shock to the value of the unit of account) p=0.99 discount factor

a;  productivity shock oc=2 relative risk aversion (inverse of IES)
gt government spending shock v=1 Frisch elasticity of labor supply

X: intertemporal preference shock v =0.07 foreign share (home bias) parameter
k¢ labor wedge (sticky wages) 0 =1.5  elasticity of substitution

u¢  markup shock (sticky prices) a =04  strategic complementarity elasticity

n:  law-of-one-price shock (local currency pricing) | ¢ = 0.5  intermediate share

& international good demand shock p=0.97 persistence of the shock

1y  financial (international asset demand) shock

Note: The left panel summarizes the shocks to the home economy, with foreign facing a symmetric set of shocks, apart from

1{, which with our structure is equivalent to x;. The right panel reports the baseline parameter values used in Sections 3-4.

Lastly, we combine the household budget constraint (2) with profits (11) and taxes to obtain the

country budget constraint:

Bi & _

R B;kgt = ]\f)(t7 where NXt = gtPI*{tYkat - PFtYFt' (19)
t

N X, is net exports of the home country (in home currency). Note that the relative price at which the

home country exchanges its exports for imports is the terms of trade:

Pry
—
Htgt

This completes the description of the model environment and the equilibrium system, which we

also summarize in Appendix A.3.

Shocks are summarizes in Table 1, along with the parameters of the model and their baseline values,
which we use in Sections 3 and 4 for quantitative evaluation of the model. In general, we allow shocks
to follow arbitrary joint stochastic processes with unrestricted patterns of cross-correlations. In this
sense, our shocks are not primitive innovations, but rather disturbances to the equilibrium conditions
of the model, akin to Chari, Kehoe, and McGrattan (2007) wedges.10 We use them differently, however.
Instead of accounting for the sources of variation in the macro variables, we prove two theoretical
results characterizing which subsets of disturbances can and cannot result in an equilibrium disconnect

behavior of the exchange rates, as defined below.

OFor example, Eaton, Kortum, and Neiman (2015) is a recent study, which uses wedge accounting in the international
context. Our approach differs in that we do not attempt to fully match macroeconomic time series, but instead focus on a
specific theoretical mechanism, which accounts for a set of exchange rate disconnect moments within a parsimonious model.
This is also what sets our paper apart from the international DSGE literature following Eichenbaum and Evans (1995).
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2.2 Disconnect in the limit

This section uses the general modeling framework to prove two propositions, which narrow down the
set of shocks that can be consistent with the empirical exchange rate disconnect properties. In par-
ticular, we study the behavior of the equilibrium system around the autarky limit, which we use as

a diagnostic device. The autarky limit (as foreign share v — 0) is interesting for two reasons:

1. Autarky (y = 0) offers a model of complete exchange rate disconnect. When countries are in
autarky, the nominal exchange rate is of no consequence, and can take any values as an outcome
of arbitrary sunspot equilibria. Therefore, it can be arbitrary volatile, yet have no relationship
with any macro variables in the two economies (the Meese-Rogoff puzzle). Since price levels
do not respond to this volatility, the real exchange rate comoves perfectly with these nominal
exchange rate shocks, and as a result can exhibit arbitrary persistence (the PPP puzzle). This is

possible because in autarky the real exchange rate does not affect allocations.

2. Furthermore, away from autarky, the response of macro variables to exchange rate tends to in-
crease together with the degree of openness +, resulting in more volatile and less disconnected
macroeconomic behavior (see Appendix Figure A1 for illustration). Therefore, if the economy
does not exhibit exchange rate disconnect properties near autarky (for v ~ 0), it is unlikely to
feature them away from autarky (for v > 0).!! In addition, v &~ 0 is not an unreasonable point

of approximation from an empirical perspective, as we discuss in Section 3.

We now extend the autarky logic to study circumstances under which a near-closed economy features
a near-complete exchange rate disconnect. While such continuity requirement may appear natural as the
equilibrium dynamics is continuous in 7, it nonetheless offers a sharp selection criterion for exogenous
shocks. This is because a limiting economy with v > 0 acts as a refinement on equilibria when v = 0,
as it rules out the sunspot equilibria with volatile exchange rate dynamics.

We start by formalizing the notion of exchange rate disconnect in the autarky limit:

Definition 1 (Exchange rate disconnect in the limit) Denote with Z; = (Wy, P,,Cy, Ly, Y:, Ry)

a vector of all domestic macro variables (wage rate, price level, consumption, employment, output, interest rate)
and with e, = V'Qy + V*'QF an arbitrary combination of shocks Q; = {wy, Xt, K¢, Qt, Gt, fes Nty Ets Vi }-
We say that an open economy (with v > 0) exhibits exchange rate disconnect in the autarky limit, if the
impulse responses have the following properties:

d&;

. dZyy . :
- = > - .
%1;1%] &, 0 forall >0 and ’ly% & #0 (21)

A corollary of condition (21) is that lim,_g dlog &*jd_dlog Quij _ 0 forallj > 0.

Et

In words, a model, defined by its structure and the set of shocks, exhibits exchange rate disconnect in

the autarky limit if the shocks have a vanishingly small effect on the macro variables, yet result in a

""The empirical literature finds that more open economies have less volatile exchange rates, even after controlling for
country size and other characteristics (e.g., Hau 2002), which is a pattern reproduced by our model (see Section 3.1).
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volatile equilibrium exchange rate, as captured by the two conditions in (21). This property captures the
exchange rate disconnect in its narrow Meese-Rogoff sense. However, as the corollary points out, this
property also implies the PPP-puzzle behavior for the real exchange rate, which in the limit comoves
one-for-one with the nominal exchange rate.

Definition 1 immediately allows us to exclude a large number of candidate shocks:

Proposition 1 The model of Section 2.1 cannot exhibit exchange rate disconnect in the autarky limit (21),

if the combined shock ¢, in Definition 1 has a weight of zero on the subset of shocks {n:, n;, &, &5 Wi}

In other words, this proposition states that the shocks in Qt@ = {wy, Xt Kt, at, g, 11t} together with
their foreign counterparts, in any combinations and with arbitrary cross-correlations, cannot reproduce
an exchange rate disconnect property even as the economy approaches autarky. We provide a formal
proof in Appendix A.4, yet the intuition behind this result is straightforward: Any of the shocks in
Qt@ will have a direct effect on real allocations, prices, and/or interest rates, and thus cannot result
in a volatile exchange rate without having a direct effect on the macro variables of the same order of
magnitude.'? Therefore, as an economy subject to these shocks approaches autarky, the disconnect
property (21) is necessarily violated. The proof of this proposition does not rely on the international
risk sharing condition, and therefore this result is robust to the assumption about (in)completeness of
the international asset markets.

Proposition 1 can be viewed as pessimistic news for both the International RBC and the New Open
Economy Macro (NOEM) models of the exchange rate. It does not imply, however, that productivity
cannot be an important source of exogenous shocks. Instead, it suggests that productivity shocks a;
are unlikely to be the dominant drivers of exchange rate movements if the model is to exhibit exchange

rate disconnect.'

The same applies to monetary shocks in a model with nominal rigidities, which we
study in detail in Section 4.1.

We view Proposition 1 as a diagnostic tool suggesting that the shocks in Q7 are unlikely to be suc-
cessful at reproducing the empirical exchange rate behavior even away from the autarky limit. There-
fore, we should first explore the other three types of shocks — namely, the LOP deviation (or trade
cost) shock 7, the international good demand shock &;, and/or the financial shock v; — as the likely
key drivers of the exchange rate dynamics. The distinctive feature of these shocks is that they affect
the equilibrium system exclusively through the international equilibrium conditions: 1, affects interna-

tional risk sharing (see (39) below), while 7, and &; affect the country budget constraint (19) through

“Intuitively, the unit of account w; shocks result in wage inflation, the markup p; shocks result in price inflation, the
labor wedge «+ shocks result in changes in either employment or consumption, the productivity a; shocks result in changes
in either employment or output, the government spending g; shocks result in changes in either consumption or output, and
the intertemporal preference shocks x: result in changes in the interest rate (see illustration in Figure A1). The formal proof
in Appendix A.4 establishes further that no combination of these shocks can be consistent with the disconnect property (21).

BProductivity shocks can have two additional indirect effects, either acting as news shocks about future productivity or by
affecting the risk premium (e.g., rare-disaster or long-run-risk shocks). As the direct effect of the productivity shock becomes
vanishingly small relative to its indirect effects, this shock becomes similar to an Euler-equation shock in that it does not
affect the static equilibrium conditions (see Appendix A.8). Proposition 1 nonetheless applies as long as the direct effect of
the productivity shock is non-trivial.
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their impact on export prices (13) and export demand (18) respectively.!* The impact of shocks to these
equilibrium conditions on the macro variables is vanishingly small as the economy becomes closed to
international trade in goods and assets, yet such shocks can have substantial effect on the equilibrium
exchange rates and terms of trade even when v is close to zero.

Proposition 1 does not allow us to discriminate between the remaining three types of shocks, as they
all satisfy the autarky-limit disconnect condition (21). Yet, these shocks differ in the implied comove-
ment between exchange rates and macro variables, which we now use as a further selection criterion.
In particular, we explore the comovement between the exchange rates and respectively terms of trade,
relative consumption, and the interest rate differential, near the autarky limit (as v — 0). Since these
shocks are already consistent with the Meese-Rogoff and the PPP puzzles by virtue of Proposition 1, the
additional moments correspond to the three remaining exchange rate puzzles. We prove the following

result (see Appendix A.4):

Proposition 2 Near the autarky limit (for v — 0), the international asset demand shock 1, is the only
shock in {ny,n;, &, & Wi} that simultaneously and robustly produces:

(i) a positive correlation between the terms of trade and the real exchange rate;

(ii) a negative correlation between relative consumption growth and real exchange rate depreciation;

(iii) deviations from the UIP and a negative Fama coefficient.

The main conclusion is that both the LOP deviation (trade cost) shock 7; and the international good
demand shock &; produce the counterfactual comovement between the exchange rates and respectively
relative consumption (the Backus-Smith puzzle) and interest rate differential (the Forward Premium
puzzle). The financial shock ¢/, is instead consistent with both of these empirical patterns, as we explain
in detail in Section 3.

To summarize, Propositions 1 and 2 explain why most shocks have a hard time at reproducing
the empirical exchange rate properties, and hence why these properties are labeled as puzzles in the
literature. These propositions favor the financial shock ¢/ as the likely shock to generate exchange rate
disconnect in an equilibrium model. While these propositions are concerned with the autarky limit, the
continuity of the model in trade openness v suggests that the near-disconnect properties should hold
for v > 0, but small. In Sections 3, we explore the properties of the model with the v, shock alone,

away from the autarky limit, and in Section 4 we bring back the additional shocks.

2.3 Models of financial shock 7/,

Since Propositions 1 and 2 favor the international asset demand shock v, as the likely source of the
exchange rate disconnect, we discuss here a number of microfoundations for the origins of this shock. In
view of the parity condition between home and foreign bonds (arising from (4) upon log-linearization),

the 1; is commonly referred to as the UIP shock:

i — i — EiAerp1 = iy, (22)

"The ¢ and 7: shocks are additionally featured in the goods market clearing (17)—(18) and in the price level (6), but in
both cases their effect on these conditions is proportional to trade openness -, and thus vanishes in the autarky limit.
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where iy — ¢ = log Ry — log R} and e; = log&;. It follows that the (uncovered) interest rate parity

1y — iy — EiAey; deviates from zero by the magnitude of the financial shock 1y, which may have a

number of origins explored in the macro-finance literature (see also Cochrane 2016):

1.

Exogenous preference for international assets, where 1y is an ad hoc shock to the utility from
holding the foreign bond, as a result of which domestic households are willing to hold the for-
eign asset with a negative excess return (UIP deviation), as in Dekle, Jeong, and Kiyotaki (2014).
This approach is closely related to the non-optimizing portfolio balance models of the 1970-80s
(e.g. Kouri 1976, 1983, Branson and Henderson 1985), revived recently by Blanchard, Giavazzi,
and Sa (2005) and Gourinchas (2008).

. Noise traders and limits to arbitrage in currency markets, as in Jeanne and Rose (2002), where

all international trade in assets needs to go through risk-averse intermediaries, who are willing
to be exposed to the currency risk only if they are offered a sufficient compensation in the form
of a positive expected return. A noise trader shock 1)y, thus, needs to be accommodated by a
UIP deviation. In Section 4.2, we explore a general equilibrium version of this model and its

implications for exchange rate disconnect and additional exchange rate puzzles.

A related class of models relies on financial frictions to generate upward sloping supply in the
currency market, where 1); represents shocks to the risk-bearing capacity of the financial sector,
for example a shock to the net worth of the financial intermediaries limiting the size of the posi-
tions that they can absorb (see e.g. Hau and Rey 2006, Brunnermeier, Nagel, and Pedersen 2009,
Gabaix and Maggiori 2015, Adrian, Etula, and Shin 2015).

Incomplete information, heterogeneous beliefs and expectational errors in the currency market,
as in Evans and Lyons (2002), Gourinchas and Tornell (2004) and Bacchetta and van Wincoop

(2006), where 1), represents the deviations from the full-information rational expectations.

. Time-varying risk premia models, where 1; corresponds to shocks to the second moments of the

stochastic discount factor, such as rare disasters (Farhi and Gabaix 2016), long-run risk (Colacito
and Croce 2013), or habits (Verdelhan 2010). For convenience, these models typically assume
complete markets, while an alternative approach relies on modeling segmented markets, where

the SDF shocks emerge from the participation margin (see e.g. Alvarez, Atkeson, and Kehoe 2009).

Given our focus on the set of moments characterizing the empirical exchange rate disconnect, all the

approaches to modeling the financial shock 1/, listed above are isomorphic, as they all result in a ver-

sion of equation (22), and hence we cannot distinguish between them. The specific models of v; can

be discriminated based on a richer set of asset market moments, e.g. a term structure of carry trade

returns or a comovement of exchange rate with returns across various asset classes.!”” In particular,

in Section 4.2 we address an additional Engel (2016) risk premium puzzle in the context of a specific

financial model of the 1y shock that we adopt.

BSee, for example, Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan (2009), Lustig and Verdelhan (2016) and Du, Tepper,
and Verdelhan (2016).
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3 Baseline Model of Exchange Rate Disconnect

Our baseline model features a single shock — the financial shock 1), — and the transmission mecha-
nism, which emphasizes home bias in expenditure (low 7), strategic complementarities in price set-
ting (o > 0), and weak substitutability between home and foreign goods (¢ > 1, but small). The other
parameters, including the intertemporal elasticity of substitution (IES) and the elasticity of labor sup-
ply, prove to be less consequential for the results, as we discuss below. Even more surprisingly, nominal
rigidities turn out to be of little importance for generating the quantitative exchange rate disconnect
properties in response to a 1y shock. Therefore, our baseline model does not feature any nominal rigidi-
ties, and for simplicity we assume that the monetary authorities adopt policy rules which fully stabilize
respective wage inflations at zero (specifically, we have W; = 1 and W} = 1). We extend our analysis
to allow for nominal rigidities, conventional Taylor rules and multiple sources of shocks in Section 4.1.

The model of this section is analytically tractable (upon log-linearization), and all our results can
be easily obtained with pen and paper, which allows us to fully explore the intuitions behind various
mechanisms. At the same time, we emphasize the quantitative objective of this section. That is, our
goal is to establish whether a simple one-shock model can be quantitatively consistent with a rich set of
moments describing the comovement between exchange rates and macro variables. In doing so, we tie
our hands from the start, and calibrate the parameters of the model on which we have direct and reliable
empirical evidence. In particular, we set v = 0.07 to be consistent with the 0.28 trade (imports plus
exports) to GDP ratio of the United States, provided the intermediate input share ¢ = 0.5.1® We further
use the estimate of Amiti, Itskhoki, and Konings (2016) of the elasticity of strategic complementarities
a = 0.4, which is also in line with much of the markup and pass-through literature and corresponds
to the own cost shock pass-through elasticity of 1 — o = 0.6 (see survey in Gopinath and Itskhoki
2011). In contrast, the value of the elasticity of substitution between home and foreign goods 6 is more
contested. We follow here the recent estimates of Feenstra, Luck, Obstfeld, and Russ (2014) and set
0 = 1.5, which is also the number used in the original calibrations of Backus, Kehoe, and Kydland
(1994) and Chari, Kehoe, and McGrattan (2002).%7

For concreteness, we assume the financial shock v; follows an exogenous AR(1) process:

Y= pYi1 + &y, (23)

with persistence p € [0,1] and variance of innovations given by 2. For our quantitative analysis,
we assume that 1y shocks are small, but persistent. While 1; shocks are not directly observable, the

model implies that p equals the equilibrium persistence of the interest rates. We, therefore, set p = 0.97.

'5This value of the trade-to-GDP ratio is also characteristic of the other large developed economies (Japan and the Euro
Zone). Appendix A.3.1 derives the relationship between the value of the trade-to-GDP ratio and the value of v (steady state
imports-to-expenditure ratio), which we set to be four times smaller. Intuitively, imports in a symmetric steady state are half
of total trade (imports plus exports), and GDP (final consumption) is about one half of the total expenditure with the other
half allocated to intermediate inputs (¢ = 0.5). This value of ¢ is consistent with both aggregate input-output matrices and
firm level data on intermediate expenditure share in total sales. The decomposition of gross exports for the U.S., the E.U. and
Japan in Koopman, Wang, and Wei (2014) suggests this proportion holds for trade flows as well.

"The macro elasticity of substitution between the aggregates of home and foreign goods is indeed the relevant elasticity
for our analysis, while the estimates of the micro elasticity at more disaggregated levels are typically larger (around 4). The
quantitative performance of our model does not deteriorate significantly for elasticities of substitution as high as 3.
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For the remaining parameters, we set the relative risk aversion o = 2, the Frish elasticity of labor supply
v = 1 and the (quarterly) discount factor 3 = 0.99, as we summarize in Table 1."* We show robustness
to alternative parameter values in Appendix A.5.2. Furthermore, our theoretical results require only

a weak parameter restriction, easily met in conventional calibrations, as we discuss in Appendix A.5.1.

3.1 Equilibrium exchange rate dynamics

The model admits a convenient recursive structure, which allows us to solve for the relationship be-
tween exchange rate and macro variables (prices, quantities and interest rates) using static equilibrium
conditions, as we do in turn in Sections 3.2-3.5 and Appendix A.5. We start, however, with the charac-
terization of the equilibrium exchange rate dynamics.

The equilibrium exchange rate process is shaped by the interplay between the country budget con-
straint (19) and international risk sharing, as captured by the UIP condition (22). Using the static equi-
librium conditions, we solve for the equilibrium relationships between net exports, interest rates and
exchange rate, which allows us to rewrite (22) and the log-linearized version of (19) as:!°

1
— Yy, 24
1 ’Y)\lwt (24)

Bb; 1 — by = nxy = yAoey. (25)

EiAer 1 =

The coefficients A; and Ay depend on the structural model parameters, other than $ and p. We have
A1, A2 > 0 under mild parameter restrictions, such as the Marshall-Lerner condition, which we assume
are satisfied (see Appendix A.5.1). Equation (25) reflects simply that net foreign assets accumulate with
trade surpluses, which in turn increase with exchange rate depreciations, and more so the more open
is the country to international trade. Equation (24), in turn, suggests that a financial shock 1, > 0 —
that is, an increase in foreign asset demand — requires an expected appreciation of the home currency
to balance the depressed relative demand for the domestic bond.?°

We solve the dynamic system (24) and (25), together with the shock process (23), to obtain:

Proposition 3 (Equilibrium exchange rate process) In the baseline model with the financial shock
1y ~ AR(1) with persistence p and innovation &, the equilibrium nominal exchange rate e; follows an
ARIMA(1,1,1), or equivalently Ae; ~ ARMA(1,1), with an AR root p and a non-invertible MA root 1/3:

1 3 1
Aep =pAey 1+ —n———— ——&—1 . 26
= pAC1t T (6t 55t 1) (26)

This describes the unique equilibrium exchange rate path, and non-fundamental solutions do not exist.

¥We normalize and fix all shocks/wedges of Section 2.1, other than ¢; (e, wy = ar = xt = ke =Nt = & = g¢ = pt = 0).

In Appendix A.3, we log-linearize the equilibrium system around a symmetric steady steady, and by default use small
letters for log deviations. Since the NFA position B; and net exports N X, are zero in a symmetric steady state, we denote
b = #BZ and nz; = E{%NX@

2Observe from (22) that v, > 0 must be accommodated either by i, —i; >0, or by E;Ae;y1 <0 (expected appreciation),
both of which moderate the increased demand for the foreign bond. We show in Section 3.5 that both of this occurs in equi-
librium, with the relative importance of the interest rate adjustment decreasing in country openness. In the autarky limit, the

interest rates do not move, and we have E;Ae;y1 = —1), consistent with (24) as v — 0.
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An analytical proof of this proposition in Appendix A.5 relies on the Blanchard and Kahn (1980) solution
method, while here we offer a more intuitive explanation. Asset market equilibrium condition (24)
determines the expected path of the future exchange rate changes, as emphasize by Engel and West

(2005), and can be iterated forward to obtain:

1
1+9M

Yt
1+’y)\11—p.

er = Tll_T)I;o {Et€t+T + Zj:o Et%ﬂ'} = Eteso + (27)
In contrast to Engel and West (2005), however, the general version of the risk sharing (or UIP) condi-
tion features no discounting, and therefore admits a multiplicity of no-bubble solutions parametrized
by the long-run expectation E;e.,. Nonetheless, the equilibrium path of the exchange rate is uniquely
pinned down by the intertemporal budget constraint, which obtains from (25) by iterating forward and
imposing the No Ponzi Game Condition on net foreign assets limy_,, 37 b} 741 = 0. This pins down
the only budget-consistent long-run expectation, and hence the instantaneous level of the exchange
rate e;, according to (26).?! Indeed, any deviation from these values of ¢; and E;e,, would shift the
whole path of the exchange rate, and hence all trade surpluses on the right-hand side of (25), violating
the intertemporal budget constraint. This general equilibrium discipline on the exchange rate determi-
nation is what distinguishes our solution from that in Engel and West (2005), as we discuss in detail in
Appendix A.7.

An increase in foreign asset demand (i.e., ¢, > 0 in (26)) results in an instantaneous deprecia-
tion of the home currency, while also predicting an expected appreciation according to (24), akin to
the celebrated overshooting mechanism of Dornbusch (1976). This exchange rate path ensures both
equilibrium in the financial market (via expected appreciation) and balanced country budget (via in-
stantaneous depreciation). Lastly, note that the equilibrium exchange rate process (26) is shaped by
parameters p and 3, and depends on the other parameters of the model only through the proportional
volatility scaler 1/(1 + y\1). In particular, since A\; > 0, the exchange rate volatility increases as the
economy becomes more closed to international trade, and it is maximized in the autarky limit.

Equation (24) suggests departures from the random walk behavior and implies predictability of
the nominal exchange rate. We now explore how pronounced are these properties quantitatively and
whether the equilibrium exchange rate process predicted by our model can be consistent with the

empirical near-random-walk behavior:??

Tterating (25) forward and applying the NPGC, we obtain b} + A2 Z;’;O B7eiq; = 0, which a fortiori holds in expec-
tations. Combining this with (27), which implies E;e;y; = Ereco + ﬁ ﬁ pj 1, we obtain the solution for the level of
exchange rate as a function of the shock 1); and the state variable b; (the predetermined NFA position):

_ 1 B L
Tl l-Bp " g

(1= B)b:.

€t
Lastly, combining with (25), we express (Ae;, Abi, ) as a function of exogenous innovations to the financial shock ;.

*Indeed, there exists empirical evidence on the departure of the exchange rate process from a pure random walk (see e.g.
Lustig, Stathopoulos, and Verdelhan 2016, as well as our discussion in Section 4.2).
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Proposition 4 (Near-random-walk behavior) The equilibrium exchange rate process (26) becomes

indistinguishable from a random walk as Sp — 1. In particular, the following properties hold:*

1. The autocorrelation of exchange rate changes becomes arbitrary close to zero:

. cov(Aepr1, Aey) 1—p
lim = — 0.
f—1 var(Aey) 2 p=l

2. The contribution of the predictable component to the variance of Ae;y1 shrinks to zero, or equiva-

lently the unpredictable component (innovation) fully dominates the variance of Aey41:

lim var(Aegp1 — EAerpr)  14p

= 1.
f—1 var(Aes11) 2 p1

3. The volatility of the exchange rate innovation (surprise) becomes unboundedly large relative to the
volatility of the financial shock:
var(Aepy1 — EiAetr) 1 1+p

hm - 7
B—1 var(thi1) (1+9X)21—=p pt

The results in Proposition 4 derive directly from the exchange rate process in (26), and we provide
the formal algebra behind them in Appendix A.5. A simple way to see why the exchange rate process

in (26) approaches a random walk is to rewrite it using the lag operator:

_1 5
1—|—’y)\11—ﬁp

(1 —pL)Ae; = (1—B7'L)e. (28)
As both 5 and p become close to 1, the lag operators on the two sides of the equation cancel out, and
the process converges to a random walk. Intuitively, a more persistent financial shock results in a more
persistent expected appreciation with a larger effect on the cumulative discounted value of future net
exports, especially when £ is high. Therefore, when /5 and p are both large, a given shock ¢; requires
a large contemporaneous jump in the exchange rate e; to balance the intertemporal budget constraint
of the country. In other words, the innovation to e; is large relative to the innovation to E;Ae; 1, and
hence the unexpected component of the exchange rate changes dominates the expected component,
making the process more like a random walk.

We now explore the extent to which Proposition 4 provides an accurate approximation of the ex-
change rate properties away from the Sp — 1 limit. In particular, Figure 1 plots the impulse response of
the exchange rate (left panel) and the finite-sample variance decomposition of exchange rate changes
(right panel) for our baseline case with 8 = 0.99 and p = 0.97. The left panel illustrates that in re-
sponse to a financial shock €, the model produces a large depreciation Ae; > 0 on impact, followed

immediately by small and persistent expected appreciations in all future periods E;Ae;1; < 0for j>1,

“Note that we first take the 8 — 1 limit and then consider the p — 1 limit. This is because for 3 < 1and p = 1
the unconditional second moments are not well-defined for Aey, as it becomes an integrated process. This sequential limit
provides a good quantitative approximation to our baseline case in which p = 0.97 < 8 = 0.99. For the last two moments,
we assume that {e¢, e¢—1, ...} is part of the information set at time ¢ when constructing E;Ae;1, even though the MA root
of the e; process is non-invertible, hence offering a conservative lower bound for our results.
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(a) Impulse response (b) Variance decomposition
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Figure 1: Impulse response and variance decomposition of Ae;

Note: baseline model with p = 0.97 and 8 = 0.99. Left panel: impulse response to €9 of Ae; (solid blue) and e; (dashed red,
equal to the area under the blue curve). Right panel: the contribution of the unexpected component (Axeir —Ei—1Akertk)
to the variance of the exchange rate change Apeir = €441 — er—1 at various horizons k > 0 (the k¥ = 0 case corresponds

to the second moment in Proposition 4). The shaded area is the 95% bootstrap confidence interval in a sample of 120 quarters.

with Ae; about 25 times larger than E;Ae; in absolute value. The right panel further shows that the
unexpected component dominates the variance of the exchange rate at all horizons. In the limit, the
expected future appreciations become arbitrary small relative to the size of the devaluation on impact,
and thus the impulse response converges to that of a white noise for Ae; (or equivalently, random walk
for e;). In our baseline calibration, the autocorrelation of Ae; has a median estimate of —0.02 and is
not statistically different from zero in 30-year-long samples (see Appendix Table A1).

To summarize, we find that with a conventional value of the discount factor 5 and the value
of p = 0.97, the model reproduces a volatile near-random-walk behavior for the nominal exchange
rate, consistent with Meese and Rogoff (1983). Lastly, we point out that these near-random-walk be-
havior of the nominal exchange rate is a joint equilibrium outcome with the persistent evolution of the
net foreign asset position b} (the state variable), which follows an AR(1) process in first differences.
Nonetheless, the response of b; to the financial shock is muted quantitatively when the economy is

relatively closed to international trade (i.e., when 7 is low; see Appendix A.5).

3.2 Real exchange rate and the PPP puzzle

We next explore the equilibrium dynamics of the real exchange rate (RER) and the associated purchasing
power parity (PPP) puzzle, which we broadly interpret as the close comovement between the nominal
and the real exchange rates, and a volatile near-random-walk behavior of both variables. As emphasized
by Rogoff (1996), the high volatility of RER is at odds with the productivity shocks, including shocks to
the relative productivity of non-tradables, while the high persistence of RER (3-5 year half-lives) is at

odds with the monetary shocks given conventional price durations.
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We start by rewriting the definition of RER in (14) in logs as:

q = e +Dp; — D (29)

Combining the definition of the price level (6) with the price setting equations for domestic and foreign

goods ((12) and the foreign counterpart to (13)), we obtain (in the absence of the markup shocks):

= ! T (30)
Pt = | Wy 1_¢at 1_¢1_27€Ita

1 v
T—61-279

cost of foreign goods (both final and intermediate) on the price of the domestic consumption bundle.?

where (w; — ﬁat) is the domestic nominal unit labor cost and ¢ captures the effect of the

Along tradition in international macro literature models the real exchange rate as the relative price
of non-tradables (e.g., the Balassa-Samuelson effect). This approach is, however, at odds with the empir-
ical decomposition in Engel (1999), which finds a negligible role for the relative non-tradable prices in
shaping the dynamics of the real exchange rate. We, therefore, choose to abstract from explicitly model-
ing the relative prices of non-tradables. As a result, the price level in (30) depends on the overall degree
of home bias ~, but not on how the domestic expenditure is split between tradables and non-tradables.

Combining (30) and its foreign counterpart for pj with the definition of ¢; in (29), we solve for the
relationship between nominal and real exchange rates:

1 2~
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Intuitively, when + is small, the real exchange rate approximately equals the differential unit labor costs
in the two countries. In contrast, as the home bias disappears (y — 1/2), we have ¢ — 0, and the
purchasing power parity holds in the limit. Recall that in our baseline model we switch off productivity
shocks (that is, a; —a; = 0) and assume that the monetary policy fully stabilizes wage inflation (namely,

wy = w; = 0), and therefore (31) implies the following result:

Proposition 5 (Real exchange rate) In the baseline model, the relationship between the real exchange

rates q; and the nominal exchange rate e; is given by:

1

G@t=—"""7 2, (32)
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Therefore, q; is perfectly correlated with e;, follows the same ARIMA process with a proportionally smaller
innovation, and limy_,0(q;: — €;) = 0. The estimated AR(1) coefficient for q; increases towards 1 with

sample size, and hence the corresponding half-life estimate increases without bound.

Thus, in response to a financial shocks ¢, the nominal and real exchange rates are perfectly cor-

related, equally persistent, and the real exchange rate is somewhat less volatile:

*'Note that the expression for p; does not depend on the strategic complementarity elasticity o, which controls the extent
of exchange rate pass-through. With firms symmetric in ¢, low pass-through into import prices is exactly offset by the
domestic firm price adjustment (for further analysis see Burstein and Gopinath 2012, Amiti, Itskhoki, and Konings 2016).

20



std(Aqy) 1 <1
std(Ae) 14 20 ’

with this gap vanishing as the economy becomes closed to international trade (y — 0). Quantitatively,
under our baseline parameterization with v = 0.07, the real exchange rate is three-quarters as volatile
as the nominal exchange rate. We show in Section 4.1 that nominal rigidities push this relative volatility
close to 1, as in the data. However, we emphasize here that even the simple version of our model without
any price or wage stickiness can account for the bulk of the empirical properties of the real exchange
rate. In particular, if one were to fit an AR(1) process for the real exchange rate, as is conventionally
done in the PPP puzzle literature surveyed in Rogoff (1996), one would be challenged to find evidence
of mean reversion and would infer very long half-lives for the real exchange rate process. In Appendix
Figure A3, we show that under our baseline parametrization with p = 0.97, the model reproduces the
3-to-5 year half-lives of the real exchange rate in finite (30-year-long) samples.?

In summary, our model is consistent with the PPP puzzle in that it reproduces the close comovement
between the nominal and the real exchange rates. Furthermore, this is achieved without any reliance
on nominal rigidities. A natural question then is why the PPP puzzle posed such a challenge to the
literature? Equations (29)—(31) offer an explanation. The close comovement between ¢; and e; suggests
that the price levels p; and p} should, in turn, move little with the nominal exchange rate e; (see (29)).
The PPP puzzle literature has largely focused on one conceptual possibility, namely that price levels
move little due to nominal rigidities, assuming monetary shocks to be the main drivers of the nominal
exchange rate. The issue with this approach is that monetary shocks necessarily imply cointegration
between relative nominal variables — (w; — wy), (p, — p;) and e; — which results in mean reversion
in the real exchange rate ¢;. The speed of this mean reversion is directly controled by the duration of
nominal price stickiness, which is empirically insufficient to generate long half lives characteristic of
the real exchange rate.

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; see (30)), as is the case empirically. Importantly, this
mechanism requires that the main drivers of the exchange rate are not productivity or monetary shocks,
which drive a wedge between nominal and real exchange rates independently of the extent of the home
bias, as reflected by (a; — af) and (w; — wyf) terms in (31). Instead, the shock we focus on is the
financial shock v, and it drives no wedge between nominal and real exchange rates, even in the long-
run. Home bias is thus the only relevant part of the transmission mechanism, leaving nominal rigidities,
real rigidities (cv), or the extent of expenditure switching (#) largely irrelevant.?® The mechanism does
rely, however, on the monetary policy rule. We show in Section 4.1 that our results are robust to

conventional Taylor rules, but are sensitive to a switch to an exchange rate peg.

»While real exchange rate follows an integrated ARIMA(1,1,1) process in the baseline model, Section 4.2 offers an extension
with a financial sector, in which it follows a mean-reverting ARMA(2,1), yet the two are indistinguishable in finite samples.

% As a result, our model is also consistent with the Kehoe and Midrigan (2008)’s finding of the missing correlation between
price durations and RER persistence across sectors, which is evidence against monetary shocks as the key driver of the
nominal exchange rate rather than against sticky prices as the transmission mechanism.
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3.3 Exchange rates and the terms of trade

In this section we explore the joint properties of the equilibrium (CPI-based) real exchange rate, terms
of trade and producer prices. As emphasized by Atkeson and Burstein (2008), the conventional models
imply a counterfactually volatile terms of trade and producer prices relative to consumer prices. In the
data, consumer- and producer-based real exchange rates are equally volatile, while the terms of trade
are substantially more stable — about two-to-three times less volatile than the real exchange rate.

The results in this section follow from two equilibrium relationships between real exchange rates
(RER) and the terms of trade (ToT):

a = (1—7)g — s, (33)
st=q; —2aqy, (34)

where s; = ppy — py, — €4 is the log of the ToT in (20) and o = Py + €t — phy is the log producer-
price RER. Intuitively, (33) reflects that the relative consumer prices g, differ from the relative producer
prices g/ by the relative price of imports s;. Equation (34), in turn, states that the terms of trade reflect
the relative producer prices adjusted for the law of one price deviations of exports (recall from (14) that
the log LOP deviation equals aqy).

Conventional models, without strategic complementarities (o« = 0), and thus without LOP devia-
tions, imply that the ToT equal producer RER, and both are more volatile than the consumer RER:

1
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Intuitively, consumer prices are less volatile than producer prices as they smooth out the relative price
fluctuations by combining home and foreign goods into the consumption bundle (i.e., a diversification
argument). This is, however, empirically counterfactual, and as explained by Atkeson and Burstein
(2008) is not necessarily the case in the models with pricing to market (PTM), arising, for example, from

strategic complementarities in price setting (o > 0). Combining (33) and (34) together, we arrive at:

Proposition 6 (Real exchange rate and the terms of trade) The real exchange rates and the terms

of trade are linked by the following equilibrium relationships:

1—-2a(1l —v
@ = - ( )
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1— 29 at an St 1— 2y 4t (35)

The empirical patterns std(As;) < std(Aq;) ~ std(Aql) and corr(Asy, Ag;) > 0 obtain when strate-

gic complementarities in price setting are significant, but not too strong: ﬁ La< 2(171_7)

When o > %, the model reproduces the empirically relevant case, in which RER ¢, is considerably
more volatile than the ToT s;. Pricing to market (o > 0) smoothes out the response of ToT to changes in

the producer prices ¢/, and hence makes ToT less volatile, as export prices mimic the local competition.

Very strong PTM, o > ﬁ, just like local currency pricing (LCP), can turn the positive correlation

between ToT and RER into negative, which is empirically counterfactual, as emphasized by Obstfeld
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and Rogoff (2000). For the intermediate values, a < 0.5, the performance of the model is good on both
margins. Additionally, a low value of v ensures that std(Agq;) ~ std(Ag/), as is the case empirically.
Under our baseline parameterization with v = 0.07 and o = 0.4, the terms of trade are about a third
as volatile as the real exchange rate, yet still positively correlated, exactly as in the data.?” We further

explore these quantitative implications of the model in Appendix Figure A4.

3.4 Exchange rate and consumption: the Backus-Smith puzzle

We now study the relationship between the real exchange rate and aggregate consumption. We start
with the static optimality conditions characterizing equilibrium in the labor and product markets. First,

we combine labor supply (3) with labor demand (10) to arrive at:

v+o v
1_¢1_2,Y(Jt7

oves +yp = — (36)
where we also used (30) to express the real wage (w; — p;) on the right-hand side as a decreasing
function of ¢;. Real depreciation (high ¢;) depresses the real wage through the increased cost of foreign
goods. Equation (36) characterizes the locus of allocations consistent with equilibrium in the labor
market, with low consumption associated with high output (for a given ¢,), reflecting the income effect
on labor supply.

Second, we look at the product market clearing condition, which derives from (17)-(18), and upon

log-linearization results in:?

-~
— . 37
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This equation characterizes the locus of allocations consistent with equilibrium in the product mar-
ket. Note that in the closed economy (7 = 0), we simply have y; = ¢;, which holds in log deviations
independently of the intermediate share ¢. In the open economy, the home production ¥, is split be-
tween final consumption at home and abroad, as well as the intermediate use at home and abroad, as
reflected by the first two terms on the right-hand side of equation (37). The remaining term in the real
exchange rate ¢; combines the positive effect of expenditure switching from foreign to home goods
and the negative effect of substitution away from the intermediate inputs towards local labor. In par-
ticular, the expenditure switching effect acts to increase the demand for domestic output y; when the
home exchange rate is depreciated (g; is high), and this effect is shaped by 6(1 — «), the product of the
pass-through elasticity (1 — a) of exchange rate into relative prices and the elasticity of substitution 6.

Now combining (36)—(37) together with their foreign counterparts, we can solve for the equilibrium
relationship between the relative consumption ¢; — ¢; and the real exchange rate ¢; (see Appendix

Figure A2 for a simple geometric solution):

?As in Atkeson and Burstein (2008), the lower volatility of the terms of trade results from the markup adjustment by
exporting firms. We check in our quantitative analysis that this does not imply counterfactually volatile aggregate profits.

%To derive (37), we solve out the real wage and relative prices as a function of the real exchange rate. In particular, in
Appendix A.5 we show that the exchange rate pass-through into relative prices is determined by (1 — «), as pur — pr =

—(1 — @) 125 q¢ and piy — pi = —(1 — a) 155 qr.
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Proposition 7 (Backus-Smith resolution) In the baseline model with financial shocks 1)y only, the

relative home consumption declines with real depreciation, according to the following equilibrium relation:

1— v 2
20(1 - a) {5t +v+ 22 9

A=)+ o+ 5 25)) L= 2

Ct — € = —YKqQ, Wwhere Kgq= > 0. (38)

The effect of the real exchange rate on the relative consumption vanishes as the economy becomes closed
to international trade (y — 0). For v > 0, the elasticity of the relative consumption with respect to real

exchange rate increases (in absolute terms) in the strength of the expenditure switching effect, (1 — ).

It follows from Proposition 7 that our baseline model robustly reproduces a negative correlation
between relative consumption and real exchange rate, both in levels and in growth rates. That is, our
model predicts that consumption is low when prices are low, in relative terms across countries. This
violates efficient international risk sharing, predicted by the celebrated Backus-Smith condition, yet
is consistent with the empirical patterns (see estimates across countries in Benigno and Thoenissen
2008). This property of our model stands in stark contrast with both the productivity-shock-driven In-
ternational RBC models and the monetary-shock-driven international New Keynesian (NOEM) models,
even when those models assume incomplete markets. What is most striking is that we have derived (38)
using solely the labor and goods market clearing conditions, which are completely ubiquitous in all in-
ternational general equilibrium models. Indeed, the negative correlation between consumption and real
exchange rate is a robust feature of the expenditure switching mechanism: Depreciated real exchange
rate switches expenditure towards the home goods, and in order to clear the markets home output
needs to rise and home consumption, in view of home bias, needs to fall.?’ A natural question then is
what makes our model different?

There are two key features of our model that allow it to produce the empirical negative correlation
between consumption and the real exchange rate. First, we shift the determination of consumption from
asset to product markets. Indeed, in complete market models, partial equilibrium in the asset market
requires a positive correlation between relative consumption and real exchange rate: o(c; — ¢f) = gy,
which is the outcome of the optimal international risk-sharing. Our model instead features incom-
plete markets and a risk-sharing shock, which implies the following relationship between consumption

growth and real appreciation in expectations:

Ei{o(Acty1 — Acjyy) — Agey1} =t (39)

Furthermore, the equilibrium relationship between consumption and exchange rate (38) is fully deter-

mined in product market, without reference to asset market and risk sharing.30

*Note also that an increase in consumption is inconsistent with labor market clearing (36), as then labor supply and output
would decline due to both income effect (increase in consumption) and substitution effect (reduction in real wage).

% Asset markets matter in general equilibrium, as both consumption and exchange rate dynamics need to be consistent
with asset market clearing and equilibrium interest rates (see Section 3.5). Equation (38), however, is a static equilibrium
condition, which holds state-by-state and hence determines the correlation between consumption and real exchange rate
independently of their dynamic processes. This is possible because the financial shock 1); does not directly affect the goods
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Second, our model ensures that the key force shaping the comovement between consumption and
the real exchange rate is expenditure switching, emphasized in equation (38). This is in contrast with
the IRBC and NOEM models, where real depreciation is associated with increased supply of domestic
output (either due to a high productivity shock or due to suppressed markups and prices in response to
a monetary easing), while expenditure switching is only a byproduct. As a result, a real depreciation
in these models is associated with an empirically counterfactual domestic consumption boom. The
mechanism in our financial model is different. A real depreciation is not caused by increased supply
of domestic goods, but instead by increased demand for foreign assets. Therefore, the only effect on
the real economy is indirect, induced by expenditure switching arising from a real depreciation, which
causes a decline in real wages and consumption and an increase in employment, output and net exports
(see expressions in Appendix A.5).

While a negative correlation between consumption and real exchange rate emphasized in Propo-
sition 7 is a desirable property of the model, we are also interested in its quantitative implications.
A salient feature of the data is the much greater volatility of the exchange rate relative to the other
macroeconomic variables, and in particular consumption. From (38), we know that the relative volatil-
ity of consumption tends to zero as the economy becomes closed to international trade (y — 0). Outside
this limit, for our baseline parameterization std(Ac;)/std(Ag;) = 0.15. That is, consumption is about
6 times less volatile than the real exchange rate, in line with the empirical magnitudes (for example,
Chari, Kehoe, and McGrattan (2002) target a ratio of 5). We further find that this quantitative perfor-
mance of the model is not very sensitive to the specific values of the relative risk aversion ¢ and Frish
elasticity of labor supply v, but is mostly sensitive to trade openness v and the combined expenditure
switching elasticity 6(1 — «), as we illustrate in the Appendix Figure A4.>! We conclude that the model
is not only consistent with the qualitative negative correlation between consumption and real exchange

rate, but also reproduces quantitatively the relative volatilities of exchange rate and macro variables.

Alternative mechanisms in the literature Naturally, all explanations of the Backus-Smith puz-
zle must relax the straitjacket of the international risk-sharing condition o(¢; — ¢f) = ¢, either by
assuming incomplete markets (e.g. Corsetti, Dedola, and Leduc 2008, Benigno and Thoenissen 2008),
or by departing from separable CRRA utility (e.g. Colacito and Croce 2013, Karabarbounis 2014). The
analytical tractability of our model, coupled with the conventional product and labor market structure,
allows us to shed light on the mechanisms in other papers in relationship to our mechanism.

For concreteness, we focus on the model with productivity shocks only, as is the case in much of

market, and thus is absent from (38). While we use market clearing conditions to solve for consumption given a value of the
exchange rate, one can do the reverse and solve for prices and exchange rate given a value for consumption. Relationship (38)
can then be interpreted as the Keynes transfer effect: a financial shock makes home agents postpone consumption, resulting
in lower relative demand for home goods and an exchange rate depreciation (see e.g. Pavlova and Rigobon 2008, Caballero,
Farhi, and Gourinchas 2008).

*'When we simultaneously reduce o from 2 to 1 and v from 1 to 0.5, consumption still remains about 4 times less volatile
than RER. In contrast, if we double « from 0.07 to 0.14 or increase 6 from 1.5 to 5, consumption becomes only about 2.75
times less volatile than RER, which is sizably more volatile than in the data. If § < 3, however, the model still maintains that
consumption is 4 times less volatile than RER. See Appendix A.5.2 for a more systematic quantitative robustness analysis.
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the Backus-Smith puzzle literature. This case results in the following equilibrium relationship:
¢t — ¢ = Kalar = ag) = YKqgt, (40)

where k4, > 0 is given in (38) and k, > 0 is derived in the appendix (see (A49)). This is the sense in
which the same expenditure switching effect of the real exchange rate on consumption is still present
in the models with other shocks, but these shocks also have a direct effect in product and labor markets.
Importantly, x, does not go to zero with v — 0, and therefore, the direct effect always dominates the
expenditure switching effect when economies are relatively closed to international trade. While our
mechanism in (38) emphasizes the expenditure switching as the key source of the relationship between
consumption and real exchange rate, other papers have it only as a feedback mechanism, typically not
strong enough to overturn the direct effects of the product market shocks. This explains why Backus-
Smith puzzle proved such a challenge in the literature, despite the natural expenditure switching forces.

Equilibrium relationship (40) makes clear the two possible ways in which the Backus-Smith puzzle
can be resolved. First, this occurs when exchange rate dynamics is shaped by a shock with a small
direct effect on consumption relative to its indirect (expenditure switching) effect through exchange
rate. The financial shocks emphasized in this paper, as well as the news shocks about future produc-
tivity (e.g., the long-run risk shocks in Colacito and Croce 2013) and labor-wedge shocks under non-
separable utility (Karabarbounis 2014), all operate in this fashion. The alternative way to resolve the
Backus-Smith puzzle, when the direct effect of the shock dominates and consumption increases with
productivity, is to have real exchange rate appreciate in response to a positive productivity shock (that
is, dq¢/Oa; < 0). This may arise due to Balassa-Samuelson forces (e.g., Benigno and Thoenissen 2008),
persistent productivity growth rates and/or low elasticity of substitution between home and foreign
goods (6 < 1), as in Corsetti, Dedola, and Leduc (2008). These alternative mechanisms are, however, at
odds with other exchange rate puzzles, including Meese-Rogoff and the PPP puzzles discussed above.

See Appendix A.8 for two illustrations and a further discussion.

3.5 Exchange rate and interest rates: the UIP Puzzle

Lastly, we explore the equilibrium properties of the interest rates, and in particular the UIP puzzle.
The home Euler equation (4), characterizing demand for domestic bond, yields upon log-linearization
it = E{oAciy1 + Apiy1}. Combining it with the foreign counterpart for i}, and using the solution

for consumption (38) and prices (30) together within (32), we obtain:
i — Z;( = —’y/\lEtA€t+1, (41)

where A\; > 0 under a mild parameter restriction discussed in Appendix A.5.1. Combining (41) with the
UIP condition (22) results both in the expression for the expected devaluation (24) used in Section 3.1

and in the following solution for the equilibrium interest rate differential:

- 7)‘1

i — 4 = mwt (42)
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As we already discussed, the demand shock for foreign bond v¢); > 0 raises the interest rate differential
i — 1; to balance out the asset markets. Note that this increase in the home interest rate is consis-
tent with the increase in savings and decline in consumption, discussed in the previous subsection.
Equation (42) further implies that, like 1)y, the interest rate differential follows an AR(1) process with
persistence p, and in addition with volatility declining towards zero in the closed economy limit (y — 0).

Next, making use of our characterization in Proposition 3, we study the joint properties of the

interest rate differential and the nominal exchange rate (similar relationships also hold in real terms):

Proposition 8 (Exchange rate and interest rates) The Fama regression, i.e. the projection of the ex-
change rate change Ae;y1 on the interest rate differential (iy — 1if), has a negative coefficient
Br = —1/(yA\1) < 0. Furthermore, around the Bp — 1 limit:
(i) the R? in the Fama regression becomes arbitrary small (goes to zero);
(ii) the volatility of Aey11 relative to (iy — i) becomes arbitrary large (goes to infinity);
(iii) the persistence of Ae;1 relative to (i, — i} ) becomes arbitrary small (goes to zero);

(iv) the Sharpe ratio of the Carry trade®? becomes arbitrary small (goes to zero).

Proposition 8 suggests that our model provides a good approximation to the the observed empirical
patterns. As in the data, positive interest rate differentials predict expected exchange rate apprecia-
tions — a pattern of the UIP deviations known as the Forward Premium puzzle (Fama 1984). This result
follows directly from (41), as a vy > 0 shock results both in a positive interest rate differential and an
expected appreciation of the home currency.

At the same time, the predictive ability of the interest rate differentials for future devaluations 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 the v, shocks become more persistent. Recall from Proposition 4 that in this
case the unexpected changes dominate the dynamics of the exchange rate, while the expected changes
play a vanishingly small role. Under our baseline parameterization, the R? in the Fama regression
is below 0.05, in line with the data. In addition, the interest rate differentials, unlike exchange rate
changes, are very smooth and persistent in the data — another disconnect pattern captured by our
model. For example, under the baseline parametrization, the model produces interest rate differentials
that are less than one-tenth as volatile as the exchange rate changes (see Appendix Table A1). Lastly,
the UIP shock in our model does not result in counterfactually large returns on the Carry trade. In
Appendix Figure A5, we illustrate the small-sample properties of the carry trade returns, along with
the properties of the Fama regression, and show that the associated Sharpe ratio varies between 0.15

and 0.3, in line with the empirical patters.*®

32A carry trade is a zero-capital investment strategy, which shorts the low interest rate currency and longs the high interest
rate currency. For concreteness, following Lustig and Verdelhan (2011), we focus on a strategy with an intensity (size of the
positions taken, x;) proportional to the expected return, i.e. z; = iy — iy — E;Aeip1 = 1) (see Appendix A.5).

#The unconditional Sharpe ratio of the carry trade in the data is about 0.5, but at least half of it comes from the cross-
sectional country fixed effects not modeled in our framework, which instead 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).
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To summarize the results of Section 3, our baseline model with a simple transmission mechanism
and a single financial exchange rate shock is consistent, both qualitatively and quantitatively, with a
rich set of moments describing the dynamic comovement between exchange rates and macro variables.
Many of these moments correspond to the long-standing puzzles from the point of view of the conven-
tional international-macro models, including the PPP puzzle and the Backus-Smith puzzle. The financial
shock 9 admits a number of micro-foundations, yet is not directly observable in the data. When 1 is
assumed to follow a persistent AR(1) process with small innovations, the model reproduces both the
empirical Meese-Rogoff exchange rate dynamics and the empirical comovement properties between

exchange rates and interest rates, including the Forward Premium (UIP) puzzle.

4 Extensions

This section considers two main extensions to our analysis. Section 4.1 generalizes the baseline model
to a full-fledged monetary model with nominal stickiness and a Taylor rule. In the context of this
extension, we discuss the properties of the model with multiple shocks, as well as the Mussa puzzle
associated with the switch between monetary regimes. Section 4.2 extends the baseline model to feature
an explicit financial sector with risk-averse intermediaries and noise traders to shed light on a number of
issues, including the recent Engel (2016) puzzle. Additional extensions, including a model with capital,

are considered in Appendix A.11.

4.1 A monetary model with nominal rigidities

We now consider the robustness of our findings in Sections 2 and 3 in a fully specified monetary model
with nominal rigidities, arguably a salient feature of the real world. First, we demonstrate that nominal
shocks per se cannot reproduce the empirical exchange rate behavior, as suggested by Proposition 1.
Second, we show that the financial shock 9; has similar quantitative properties in the monetary model,
as in our baseline model of Section 3, despite a different transmission mechanism for the interest rates.
Third, we study a calibrated multi-shock model to quantify the contribution of monetary and produc-
tivity shocks to the exchange rate volatility. Lastly, we discuss the robustness of the results to various
policy rules and the associated Mussa puzzle.

We introduce nominal rigidities as in the standard New Keynesian model (see e.g. Woodford 2003),
while leaving the structure of international financial markets as in the baseline model. We focus on a
cashless-limit economy and abstract from ZLB, commitment problems and multiplicity of equilibria. In

particular, the nominal interest rate is set by a central bank according to a conventional Taylor rule:
it = pmit—1 + (1 — pp) Opme + €77, (43)

where p;, and J, are parameters, 7; is the CPI inflation rate and €}" is an exogenous monetary shock.

Firms are subject to a Calvo price-setting friction with the probability of price adjustment equal
to 1 — \,. We maintain the assumption that the desired price depends on both own marginal cost and
competitor prices, as in (12) with the exogenous markup shock shut down. We further assume that

exporters set prices in the local currency (LCP), as for example in Chari, Kehoe, and McGrattan (2002)
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and Devereux and Engel (2002). Households set wages and are also subject to the Calvo friction with
the probability of wage adjustment equal to 1 — A, as described in Gali (2008). Appendix A.9 provides
a full description of the model with the characterization of its solution, as well as several extensions
with PCP price stickiness and alternative Taylor rules.

To calibrate the model, we keep the same values of the parameters as in the baseline case discussed
in Section 3. The prices are assumed to adjust on average once a year, i.e. A = 0.75 (Nakamura and
Steinsson 2008). For wages, we set \,, = (.85 corresponding to a longer expected wage duration
equal to 1.5 years. For the inflation response elasticity in the Taylor rule we use the estimates from
Clarida, Gali, and Gertler (2000), namely 6, = 2.15, which satisfies the Taylor principle. Following the
literature, we set the interest rate smoothness parameter p,, = 0.95 to match the empirical persistence
of the interest rate, and we assume that the monetary shocks €} follow an iid process.

We summarize the results of our analysis in Table 2, where we contrast the moments in the data
and in various versions of the model. Panel A considers various single-shock models. We first report
the moments in two versions of the model with the financial shock ¢, alone. Specifically, column 1
reports the moments from a model without nominal rigidities (A, = A,, = 0), but subject to the Taylor
rule (43), which is the only departure from our benchmark model of Section 3. Column 1 reconfirms
our findings that the model captures well the quantitative behavior of the exchange rates, both nominal
and real, including their persistence, volatility relative to other macro variables, as well as the direction
of comovement with consumption and interest rates.

The model in column 2 of Table 2 features additionally wage and price stickiness, as discussed above,
while maintaining v, as the only shock. We see that the introduction of nominal rigidities has very
little effect on the quantitative properties of the model, even despite the differences in the transmission
mechanism. Indeed, in the baseline model, the interest rate settles down to clear the markets, while
in the monetary model the path of the interest rate is chosen by the monetary authority according to
the Taylor rule (43). In both models, a v; shock results in a sharp nominal depreciation, which in turn
leads to a mild home inflation as the prices of the foreign goods increase. In a monetary model, the
central bank responds by raising the interest rate, and the households respond by cutting their current
consumption expenditures, thus enabling the model to reproduce both the Backus-Smith puzzle and the
UIP puzzle. Furthermore, the sluggish price adjustment in the model with nominal rigidities increases
the volatility of the real exchange rate and reduces the volatility of consumption and interest rates
relative to the volatility of the nominal exchange rate, improving somewhat the fit of the model.**

Finally, in column 3 and 4 of Table 2, we shut down the financial shock and instead consider two
conventional international macro models — a NOEM model with nominal rigidities subject to mone-
tary (Taylor rule) shocks €} and also for comparison an IRBC model without nominal frictions subject

to productivity shocks a;.3> These models fail on a number of moments and reproduce the familiar

*On the other hand, as pointed out by Obstfeld and Rogoff (2000), models with LCP imply a counterfactual negative
correlation between the exchange rate and the terms-of-trade. Matching the empirical positive, yet imperfect, correlation
between these variables requires a model with a mixture of price setting patterns (flexible, PCP, LCP), which also allows for
DCP (dollar/dominant currency pricing), as emphasized recently by Casas, Diez, Gopinath, and Gourinchas (2016).

®With our focus on exchange rate moments, we only need to specify the processes for the relative shocks, i.e. a; — a; in
case of the productivity shock, which we assume follows an AR(1) process with persistence p, = 0.97.
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Table 2: Quantitative properties and comparisons across models

A: SINGLE-SHOCK MODELS B: MULTI-SHOCK MODELS

Morment Data Fin. shock v NOEM IRBC NOEM IRBC  Financial
(1) (2) ®3) 4) (5) (6) (7)
p(Ae) 0.00 —0.02 —0.03 —0.05 0.00 —0.03 —0.02 —0.01
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09) (0.09)
p(q) 0.95 0.93 0.91 0.84 0.93 0.93 0.93 0.93
(0.04) (0.05) (0.05) (0.04) (0.04) (0.04) (0.04)
J(Aq)/a(Ae) 0.99 0.79 0.97 0.97 1.64 0.98 0.94 0.76
corr(Aq, Ae) 0.98 1 1 0.99 0.99 1.00 0.97 0.94
o(Ac—Ac*)/o(Aq) 0.20 0.31 0.12 0.52 0.64 0.20 0.30 0.31
corr(Ac—Ac*, Agq) —0.20 -1 —0.95 1 1 —0.20 —0.20 —0.22
(0.09) (0.09) (0.09)
o(Anz)/o(Aq) 0.10 0.26 0.17 0.08 0.14 0.32 0.30 0.10
corr(Anz, Aq) ~ 1 0.99 1 1 —0.00 —0.00 —0.02
(0.09) (0.09) (0.09)
o(As)/o(Ae) 0.35 0.23 0.80 0.82 0.49 0.80 0.28 0.23
corr(As, Ae) 0.60 1 —0.93 —0.96 0.99 —0.93 0.97 0.94
Fama (3 <0 —24 —34 1.2 14 —0.6 —0.7 —2.8
(1.7) (2.6) (0.7) (0.5) (1.4) (1.3) (3.5)
Fama R2 0.02 0.03 0.03 0.03 0.09 0.00 0.00 0.01
(0.02) (0.02) (0.03) (0.02) (0.01) (0.01) (0.02)
o(i —i*)/o(Ae) 0.06 0.07 0.05 0.14 0.21 0.06 0.08 0.03
(0.02) (0.02) (0.02) (0.06) (0.02) (0.02) (0.01)
p(i — i) 0.90 0.93 0.98 0.84 0.93 0.91 0.93 0.90
(0.04) (0.01) (0.05) (0.04) (0.04) (0.04) (0.04)
Carry SR 0.20 0.21 0.20 0 0 0.17 0.19 0.12
(0.04) (0.04) (0.06) (0.06) (0.07)

Note: The table reports moments in the data (see details in the Data Appendix A.12) and in the simulated data for various
specification of the model, as described in the text. p(-) denotes autocorrelation, o (-) denotes standard deviation. The numbers
in brackets report standard deviation across 10,000 simulations with 120 quarters (30 years) each, only for the moments that
vary considerably across simulations. In all specifications, model parameters are as in Table 1, and columns 2, 3 and 5
additionally feature sticky prices (A, = 0.75) and wages (A, = 0.85), while columns 1, 4 and 6-7 have flexible prices
(Ap = Aw = 0). Monetary policy in columns 1-6 follows the Taylor rule (43) with parameters given in the text, while in

column 7 it fully stabilizes the wage inflation (W; = W;" = 0), as in the baseline model of Section 3.
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exchange rate puzzles. In particular, both of these models cannot reproduce the direction of the co-
movement between interest rates and exchange rate (the UIP puzzle) and consumption and exchange
rate (the Backus-Smith puzzle). Furthermore, the NOEM model is challenged to reproduce the persis-
tence of the real exchange rate, yielding a half life of less than a year (the PPP puzzle), while for the IRBC
model matching the volatility of the nominal exchange rate requires incredibly large volatility of the
relative TFP shocks across countries, resulting in excessively volatile real exchange rate, consumption

and interest rates.

Multiple shocks and variance decomposition A natural deficiency of any one-shock model is that
it can only speak to the relative volatilities of variables, while implying counterfactual perfect corre-
lations between them. We consider now two models with multiple shocks to study whether they can
successfully reproduce the imperfect, and in general weak, empirical correlations between exchange
rates and macro variables. In particular, we extend the NOEM and IRBC models from columns 3 and
4 of Table 2 to feature two additional shocks each — the financial shock 1, and a demand shock for
foreign goods &;.3¢ Leaving unchanged all parameter values, we only need to additionally calibrate the
relative variances of the shocks, with the overall level of variance kept to match the volatility of the
nominal exchange rate. We set the relative volatilities of the shock to match the correlations of the real
exchange rate with consumption and net exports.*’

From columns 5 and 6 of Table 2, we see that these extended NOEM and IRBC models are in-
deed capable at perfectly matching the weak negative correlation between the real exchange rate and
consumption and a close-to-zero correlation between the real exchange rate and net exports, with-
out compromising the fit of the other moments relative to the baseline monetary model in column 2.
We conclude that these parsimonious, and rather conventional, models provide a quantitative reso-
lution to a broad class of international macro puzzles assembled under the exchange rate disconnect
umbrella. The key to this success is the presence of the financial shock, as we now show more formally.

In the context of these two multi-shock models, we carry out variance decompositions in order
to assess the relative importance of productivity, monetary and financial shocks for the exchange rate
dynamics. This decomposition, reported in Table 3, reveals a clear pattern, which echoes our theoretical
predictions in Propositions 1 and 2. First, the financial shock 1, plays the dominant role, explaining
over 70% of the nominal exchange rate variation in both models. Second, the international shock in
the goods market &; also plays an important role, contributing about 20% to the nominal exchange
rate volatility, and partly balances out the comovement between exchange rate and macro variables
induced by the v¢; shock. Third, the contribution of productivity and monetary shocks is minimal,

never exceeding 10% for either nominal or real exchange rate. Indeed, Proposition 1 suggests that

*We have also experimented with a LOP-deviation shock 7; and a nearly-equivalent iceberg trade cost shock, but find them
largely redundant as long as &; is included, which has superior quantitative properties for the moments we have chosen.

In the NOEM model, 0., /0. = 0.315, where 0, = o(e]* — e{™*) for the Taylor rule shock in (43) and 0. = o(g;) for
the innovation to 1; in (23). In the IRBC model, o, /o. = 2.1, where relative productivity (1 — poL)(a: — a;) ~ N(0, 02)
with persistence p, = p = 0.97. We do not combine productivity and monetary shocks together in any one specification
because their relative roles cannot be identified from the set of exchange rate moments that we focus on. Instead, both NOEM
and IRBC models include a foreign good demand shock: (1 — peL)(&; — &) ~ N(0, 0¢) with p¢ = 0.97 and yo¢ /0. set at
2.7 and 2.4 in the two specifications respectively.

31



Table 3: Sources of exchange rate variation

NOEM IRBC
Shocks var(Ae;) var(Ag) var(Ae;) var(Ag)
Monetary (Taylor rule) &} 10% 10% - —
Productivity at — — 3% 9%
Foreign-good demand & 19% 20% 23% 39%
Financial (a 71% 70% 74% 52%

Note: The table reports the variance decomposition for nominal and real exchange rate changes into the contributions of
shocks in the two multi-shock models, corresponding to columns 5 and 6 of Table 2. The relative volatilities of the shocks are

calibrated to match corr(Ac — Ac*, Aq) = —0.2 and corr(Anz, Aq) = 0, with other parameters as in Table 1.

both of these shocks, if too important in shaping the exchange rate dynamics, result in conventional
exchange rate puzzles. To be clear, however, these shocks are still central for the dynamics of other
macro variables, such as consumption, employment, output and prices levels. We conclude by noting
that our model of exchange rate disconnect does not fundamentally change the way the exchange rate
and macro variables respond to monetary and productivity shocks, but instead it puts an upper bound

on how important these shocks can be on average in shaping the exchange rate dynamics.

Mussa puzzle Mussa (1986) puzzle refers to the striking discontinuous difference in the behavior of
the real exchange rate when the monetary authority switches between a pegged and a floating nominal
exchange rate regimes. Indeed, in conventional models the real and nominal exchange rates are shaped
by different forces, at least once prices have adjusted, and therefore a change in the monetary regime
should not alter the behavior of the real exchange rate in such a fundamental way. After briefly re-
viewing a larger set of stylized facts, to which we collectively refer as the Mussa puzzle, we turn to our
model of exchange rate disconnect to study whether it reproduces these empirical patterns in response
to a switch in the monetary regime.
Comparing empirical moments for several developed countries before and after the end of the Bret-
ton Woods system of fixed exchange rates, the literature has emphasized the following stylized facts:
1. The volatility of the real exchange rate increased almost as much as the volatility of the nominal
exchange rate (Mussa 1986). More precisely, the volatility of the nominal exchange rate was about
8 times smaller under the peg, while for the real exchange rate it was about 4 times smaller, and
the correlation between the two variables was 0.66 under the peg relative to a nearly perfect
correlation under the float (Monacelli 2004).

2. At the same time, there was almost no difference in the output or consumption volatilities across
the two periods (Baxter and Stockman 1989, Flood and Rose 1995).

3. The Backus-Smith risk-sharing condition and the UIP condition both held better in the data dur-
ing the Bretton Woods period. Specifically, the data from the peg period exhibits the theoretically-

predicted positive signs of the respective correlations (Colacito and Croce 2013).3

3Similarly, Devereux and Hnatkovska (2014) document that Backus-Smith condition holds better across regions within
countries, in contrast with its cross-country violations. Another pattern emphasized by Berka, Devereux, and Engel (2012) is
a substantially greater role of the non-tradable (Balassa-Samuelson) component in the RER variation under a nominal peg.
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Table 4: Mussa puzzle: moments under nominal peg relative to float

Model
Moment Data (1) (2)
std(Aey) 013 013 013
std(Agy) 026 018  0.16
corr(Aqy, Aey) 0.66 0.79 0.84
std(Acy — Acy) ~1 2.63 1.33
corr(Acy — Acf, Aqy) >0 —0.63  0.13
Fama f >0 —0.1 1.1

Note: The first four lines report moments under a peg relative to their values under a float, e.g. 0.13 for std(Ae;) means that
nominal exchange rate is about 8 (= 0.137') times less volatile under the peg. In contrast, the last two lines simply report
the moments for the peg regime. The model in both columns corresponds to the multi-shock NOEM model from column 5 of

Table 2, with the Taylor rule changed from (43) to a peg (44); column 2 additionally shuts down the 1)+ shock under the peg.

We summarize these facts in the Data column of Table 4, which also reports the respective moments
in our simulated model. Our goal here is not to simply match the moments under the peg, but rather
to check whether our quantitative exchange rate disconnect model can simultaneously account for the
broad patterns of the Mussa puzzle. To this end, we adopt the extended multi-shock NOEM model from
column 5 of Table 2, and study two alternative nominal peg scenarios, keeping all other parameters
unchanged.

By definition, a nominal peg regime requires a change from the Taylor rule (43) to a monetary

policy rule that directly stabilizes the nominal exchange rate. We focus on the following policy rule:
it = Pmit—1 + (1 - Pm) 6e(et - é) + 5?7 (44)

where € is the level of the peg and J. is the strength of the peg. We adopt this policy rule in both
scenarios, calibrating J. in each case to exactly match the empirical volatility of the nominal exchange
rate during the peg regimes (the first moment in Table 4).

Another important difference under the peg is a substantially lower volatility in the UIP deviations
(as, for example, documented in Kollmann 2005), which corresponds to a lower variance of the financial
shock 1. Jeanne and Rose (2002) suggest a theoretical limits-to-arbitrage mechanism, in which the
variance of 1)y endogenously declines when the monetary authority commits to a peg, reducing the
risk associated with carry trades and making arbitrageurs less averse to large currency positions, as
we discuss in Section 4.2.3 To capture this, we consider two extreme scenarios: in the first scenario
in column 1 we keep the variance of all shocks (11, £, £}"*) unchanged, while in the second scenario in
column 2 we fully shut down the dispersion of v, leaving the other two shocks unchanged.

From Table 4, we see that under both scenarios, the model captures a sharp reduction in the volatility

of the real exchange rate under a nominal peg (in fact, overstating it), as well as a sizable reduction in

¥ Other structural interpretations of the v, shock may suggest further patters of comovement between ¢; and the primitive
shocks of the model.
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the correlation between the nominal and the real exchange rates from a nearly perfect correlation
under the float. The model under the first scenario (i.e., no reduction in v; shocks) fails, however, on
the remaining moments, predicting an increase in the volatility of consumption and no reversal in the
signs of the Backus-Smith correlation and the Fama coefficient. In turn, the second scenario, with the
financial shock shut down, makes the model consistent with these three moments: in this case, the
volatility of consumption changes little across the regime switch and the signs of the Backus-Smith
correlation and the Fama coefficient turn to positive under the peg.

We conclude that our model of exchange rate disconnect captures, at least qualitatively, the addi-
tional set of empirical patterns associated with a switch to a nominal peg regime, which we collectively
labeled as the Mussa puzzle. This, however, requires that a pegged nominal exchange rate endoge-
nously reduces the volatility of the UIP deviation shocks. We now turn to an explicit model of the

financial sector, which in particular sheds light on this mechanism.

4.2 A model with a financial sector

In this section we study an extension of the baseline model from Section 3 with an explicit financial
sector, which microfounds the upward-sloping supply in the financial market and the financial shock ;.
The model embeds in general equilibrium the noise trader and limits-to-arbitrage model of De Long,
Shleifer, Summers, and Waldmann (1990) and its adaptation to the exchange rate market by Jeanne and
Rose (2002). This extension achieves the following goals. First, it allows us to analyze a symmetric world
economy, in which each country offers a bond in its own currency, and all international transactions are
intermediated by a financial sector, which is averse to large risky positions. This leads to an upward-
sloping supply of international bonds, and as a result the dispersion of the UIP deviation shock and the
volatility of the nominal exchange rate are determined endogenously in equilibrium. Second, unlike
our baseline, the model with a financial sector is stationary, featuring a unique long-run equilibrium
and long-run mean reversion in the real exchange rate. Nonetheless, we show that the small-sample
quantitative properties of the two models are nearly indistinguishable. Lastly, in the context of this
extension we address an additional set of facts on the comovement between interest rates and exchange
rates, emphasized recently by Engel (2016) and Valchev (2016).

We start by briefly describing the extended model, relegating the details to Appendix A.10, and then
proceed to study its qualitative and quantitative properties. We consider an international financial
market with three types of agents trading assets. First, there are home and foreign households that
trade their local-currency bond only, taking net foreign positions B, and B} | respectively.*’ Second,
there are n noise traders that take a zero-capital position long N/, ; in foreign-currency bond and short

Niy1 = —N{1& in home-currency bond, and vice versa when Ny, ; < 0. We assume

Niy=n (e¢t _ 1) , (45)

“For convenience, we now have Bi1 denote the value of home-currency bonds purchased at ¢ and paying out R:By1
units of home currency at ¢ + 1. Furthermore, By, ; now refers to the position of the foreign households (as home household
no longer hold foreign-currency bonds), and it pays R; By units of foreign currency at ¢ + 1.
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where ); is the noise-trader demand shock for foreign currency, which follows an exogenous AR(1)
process (23) with zero mean.*!

Third, intermediation in the financial market is done by a measure m of competitive arbitrageurs
that collectively take a zero-capital position D}, ; in foreign-currency bond and short Dy 1 = —Dj}, &
home-currency bonds, again allowing for D;, ; < 0. We denote the return on a one-dollar Dy, ; po-
sition by R} 1= Ry — Rt%. Each arbitrageur chooses his individual position df, ; to maximize a
mean-variance utility of returns, E; Ry 1 - dj, — §vary(Re+1) - dj2,, where w is the risk aversion pa-

rameter. The resulting demand for foreign currency bonds by the financial intermediary sector is then:

EiRit1

_. 46
w vary(Ryy1) (46)

Dy, =m

The financial market clears when the interest rates R; and R} are suchthat Byy1+Nyy14+Dy1 =0
and By, + N + Df,; = 0, which in particular implies that in equilibrium net foreign asset position
of home equals net foreign liabilities of foreign, B;11 = — By, ;. Lastly, we assume for concreteness
that the profits and losses of the arbitrageurs and noise traders are transferred to the foreign households,

and thus their budget constraint becomes:
‘11— Ri_\Bf = NX{ + R{(Dj + N}),

while the budget constraint of the home is B;11 — R;—1B; = NX;, where NX; = —NX/&;. The
rest of the model is unchanged. We again solve the model by log-linearization around a non-stochastic
equilibrium with B = B* = N* = D* = R* = 0 and £ = 1. In light of this approximate solution
approach, the strong assumptions made above — namely, the quadratic utility over dollar returns and
the transfer of profits to foreign households — are without loss of generality.*

The only equation in the linearized equilibrium system that changes in this extension with a finan-

cial sector is the UIP condition (22), which now becomes (see Appendix A.10):

m/(woZ)’

= var;(Ae;y1) is the variance of the innovation to the nominal exchange rate, which is

n/B

X1 = W (47)

ir — iy — EiAerpr = x19r — xobis1 with and 2 =

where o2
determined endogenously in equilibrium, yet taken as given by the competitive financial sector. The
generalized UIP condition (47) derives from the international bond market clearing condition combined
with (45) and (46). It characterizes the excess return on the home bond, which ensures that the arbi-
trageurs are willing to satisfy the relative demand for foreign bonds by both noise traders (¢;) and
households (bs+1). The net foreign asset position of the home households, b;11 = RB;+1/ Y, reflects
the demand for home-currency bond as a savings vehicle, and hence increases the price of the home

bond, or equivalently reduces its relative interest rate.

*'For example, a noise-trader shock can arise from a commodity company that decides to start hedging its currency expo-
sure in the financial market.
“’Note, in particular, that the profits and losses of the noise traders and arbitrageurs, R; (D} + N;'), is a second order term.

35



The crucial difference of the new UIP condition (47) from (22) is that now it features two sources
of UIP deviations — an exogenous shock 1); as before and an endogenous feedback via the state vari-
able b;11. The elasticities x; and x2 of respectively exogenous and endogenous sources of UIP devia-
tions decrease in the absorption (risk-bearing) capacity of the financial sector m/(wc?), which in turn
depends on the size of this sector m, its risk aversion w and the endogenous volatility of the nomi-

nal exchange rate o2 (cf. Gabaix and Maggiori 2015). As the financial sector becomes larger or less

XY _n_
m/w’ m/w

X1 = x2 = 0). If, instead, x1 mi/w remains positive in the limit, the model admits the baseline UIP

risk averse, with — 0, the model features an undistorted UIP condition in the limit (with
condition (22) as a special case.

The other equilibrium relationships of the extended model, apart from the UIP condition (47),
remain unchanged. This includes the proportional relationship between the nominal and the real
exchange rates (32), as well as the relationships between exchange rates and respectively terms of
trade (35), consumption (38) and interest rates (41). As a result, Propositions 5-7 still hold in the model
with a financial sector. The equilibrium dynamics of the exchange rate (Proposition 3) differs, however,

as we now characterize:

Proposition 9 (Exchange rate process redux) In the model with a financial sector and a noise-trader
shock ¢y ~ AR(1) with persistence p and innovation £, the equilibrium nominal exchange rate e; follows
an ARMA(2,1) process with AR roots p and (1 < 1 (with {; — 1 iff x2 — 0) and an MA root 1/3:

1 Baxi

_ a1
EEEEOYR 5@10(1 A L)ee “

(1=pL)(1 = GiL)e

Provided that 7?172; is large enough, there exists a solution with x1 > 0 and o2 = var;(Aesy1) > 0, such
that o2 increases in ¢

Mo There always exists another solution with 02 = y1 = 0.

A formal proof of this proposition is contained in Appendix A.10, which also defines the cutoff value

nos
m/w

a zero-variance equilibrium, in which the arbitrageurs coordinate to fully offset the noise-trader shock,

for and shows that it tends to zero as Sp — 1. In the absence of other shocks, there always exists
as this involves no risk as a matter of a self-fulfilling prophecy. However, for a large enough noise-
trader shock noy, there also exists a positive-variance equilibrium, in which noise-trader shocks result
in a volatile exchange rate. Furthermore, any fundamental shock to current account (e.g., productivity
shock) shifts the economy to a positive-variance equilibrium. The government, however, has the ability
to commit to peg the exchange rate, providing a coordination device for the financial sector to fully
absorb the noise-trader shocks. This justifies why in Section 4.1 we considered the case in which a
monetary peg was associated with a reduction in the variance of the UIP deviation shock.

The equilibrium exchange rate process (48) is stationary, unlike (28) in the baseline model. However,
the two become indistinguishable as x2 — 0 and consequently (; — 1. We discuss below that quan-
titatively, under our calibration with x2 > 0, the two processes are nearly identical in finite samples,
even though one is stationary and one is integrated in the long run. The model with a financial sector

is stationary around a unique steady state with B = B* = R* = 0.3 The stationarity of the model

BWe show in the appendix that the NFA position b;11 follows a stationary AR(2) process with the same roots p and (.
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emerges from the fact that the financial intermediaries are averse to holding positions that expose them
to exchange rate risk and require a premium. As a result, a country-borrower faces a higher interest rate
relative to 1/, which provides an incentive to gradually close its NFA position. This mechanism offers
a microfoundation for the state-dependent borrowing rate often adopted to close small open economy
models (see Schmitt-Grohé and Uribe 2003).

Quantitative properties We now turn to a multi-shock version of the model with a financial sector
to study its quantitative properties. As in the earlier IRBC model (in column 6 of Table 2), we add a
productivity shock a; and a foreign-good-demand shock &;, however, for simplicity instead of a Taylor
rule we maintain the assumption that monetary policy stabilizes the nominal value of the wage rate,
as in the baseline model. We keep all parameters unchanged as in Table 1, and only need to calibrate
the new parameter x2 and the relative volatilities of the three shocks. As before, we choose the relative
volatilities to match the consumption and net export correlation with the real exchange rate.** We set
X2 = 0.01 to match the impulse response of the UIP deviations in Figure 3a, as we discuss below.

We report the model-generated moments resulting from this calibration in the last column of
Table 2. This column shows that the model with a financial sector is as successful at matching the
empirical moments as the other multi-shock models (NOEM and IRBC) discussed above, yet as we
discuss next it matches an additional set of moments. In particular, the model still reproduces a near-
random-walk exchange rate process, with nominal and real exchange rates nearly perfectly correlated,
while consumption remains about six times less volatile than the real exchange rate and weakly neg-

atively correlated with it.*

The similarity of the fit is, perhaps, not surprising, as the only difference
of the model with a financial sector sector is the presence of the endogenous feedback —x2b;+1 in the
UIP condition (47). Despite the implied qualitative difference resulting in stationarity of the exchange
rate, the finite sample properties of the model are almost unchanged. One difference that emerges in
the model with a financial sector is that non-financial shocks such as a; and &; now result in endoge-
nous UIP violations through their effect on the state variable b, 1, and hence contribute more to the
exchange rate volatility. In particular, our calibration of the model with a financial sector attributes a

larger role to the good-market shock &; in comparison with the multi-shock IRBC model.

Engel puzzle We now turn to the Engel (2016) puzzle, which concerns the shape of the exchange rate
response to the movements in the interest rate differential. The Fama (1984) regression suggests that a
positive interest rate differential predicts an exchange rate appreciation, that is cov(i; — i}, Aeg+1) < 0.
Engel (2016) argues that most models of the forward premium achieve this with an exchange rate
process that depreciates on impact at ¢t and then gradually appreciates starting at ¢ 4 1. This is indeed
the case in our model with a single financial shock 1, following an AR(1) process, as we depict with
a solid blue line in Figure 2. Engel (2016), however, shows that in the data the exchange rate response

appears to be different, with an appreciation on impact at ¢ followed by further appreciation over some

“The exogenous shock to the UIP is now X1 with the coefficient x1 not separately identified from the volatility of ;.
Thus, to match the correlation moments, we now set o /(x10:) = 4 and yoe /(x10:) = 2.6 (cf. footnote 37).

®The only noticeable difference in the fit of this model from the multi-shock IRBC model is the lower volatility of the real
exchange rate, which is due to the difference in the monetary policy rule.
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Figure 2: The response of exchange rate e;; to innovation in 7; — 7}

Note: The figure plots two alternative shapes of the exchange rate impulse response to an innovation in the interest rate
differential. The construction of the impulse response is explained in Appendix A.10. The blue solid line is from the single-
1¢-shock model and the dashed red line is from the multi-shock model, both featuring the financial sector and calibrated as

discussed in Section 4.2.

).46 We illustrate this alternative

period and an eventual reversal into depreciation (see also Valchev 2016
impulse response with a dashed red line in Figure 2.

We show here that the calibrated multi-shock version of the model with a financial sector matches
the empirical impulse responses of the risk premium in Engel (2016) and of the exchange rate in Valchev
(2016). The results are reported in Figure 3, in which solid blue lines correspond to the empirical
impulse responses and the dashed red lines plot the corresponding responses calculated using simulated
data from the model. The calibration of the model is the same that yields moments for column 7 of
Table 2. In our choice of x2 = 0.01, which parameterizes the endogenous feedback elasticity in the UIP
condition (47), we targeted the duration till risk premium becomes negative in the impulse response in
Figure 3a. Recall that all other parameters were kept unchanged from our calibration of the baseline
model in Section 3.

Our calibrated model captures well that an increase in the interest rate differential today predicts
an increase in the risk premium E;p;+; on impact, where p4; = 414j-1 — 4{; j_; — Aeyy;, which then
gradually decreases and turns negative 20 months out (Figure 3a). Similarly, it captures an exchange
rate appreciation on impact, followed by further appreciation over the next 20 months, which then
reverts into an expected depreciation (Figure 3b).*” Indeed, these impulse responses capture the subtle
departures of the exchange rate process from a random walk, which are present both in the data, as

well as in our model.

*The main empirical results in Engel (2016) are reported in terms of the impulse response of the UIP deviations, as we
reproduce in Figure 3a, yet his paper also shows that cov(i; — i;,e;) < 0 and cov(Ai; — Aif, Ae;) < 0, consistent with
the shape of the dashed red impulse response in Figure 2, but not with the solid blue one. We report these correlations in the
data and for different version of the model in Appendix Table A2.

“Here the model is somewhat off on the timing of the reversal, yet the uncertainty bounds around the exact shapes of
these impulse responses are wide enough that the two are not statistically different.
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Figure 3: Data vs Model: projection coefficients on i; — i}

Note: Panel (a) plots the projection coefficients of E¢p¢+; on i, — iy for j > 1, where risk premium p; = i,—1 — 171 — Aey
is the one-period return on future carry trades, and the expectation E;p;4; is constructed using a VEC model, as in Engel
(2016). Panel (b) plots the projection of e;y; —e; on iy —i; for j > 0. The blue lines in the figures correspond to the empirical
estimates in: (a) Figure 2 in Engel (2016) and (b) Figure 2 in Valchev (2016), both reconstructed using data provided by Engel
(2016). The dashed red lines plot corresponding estimates in the data simulated from the calibrated multi-shock model with

a financial sector. The details of estimation are provided in Appendix A.10.

The mechanism by which our model reproduces these empirical patterns relies crucially on the
endogenous state variable b1 in the UIP condition (47) in the presence of multiple shocks. In particular,
the short run dynamics of the UIP deviations is dominated by the noise-trader shock ;. The other
shocks do not have a direct impact on the UIP deviations, but shape them indirectly through their
effect on the net foreign assets, which build up gradually over time, resulting in a non-monotonic
impulse response in Figure 2. Non-monotonicity is not guaranteed in general, but does emerge from the
combinations of 1, and &; shocks, as they move risk premium in opposite directions for a given direction
of the interest rate change. We, thus, find that the same mix of shocks that results in the broad exchange
rate disconnect properties summarized in Table 2 also reproduces the dynamic comovement between

interest rate differentials and exchange rate changes documented by Engel (2016) and Valchev (2016).

5 Conclusion

We propose a parsimonious general equilibrium model of exchange rate determination, which is si-
multaneously consistent with a wide array of exchange-rate-related moments, offering a unifying
resolution to the main exchange rate puzzles in international macroeconomics, to which we collec-
tively refer as the exchange rate disconnect. The model is analytically tractable, allowing for a complete
closed-form characterization, essential for a transparent exploration of the underlying mechanisms.
Beyond reproducing the qualitative patterns in the data, the model also matches quantitatively a rich

set of moments describing the comovement between exchange rates and macro variables.
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With this general equilibrium model, one can reconsider the conclusions of the vast international
macro literature plagued by the exchange rate puzzles. In particular, the model reproduces exchange
rate disconnect without altering the international transmission mechanism for monetary and produc-
tivity shocks, including international spillovers from monetary policy (see e.g. Corsetti, Dedola, and
Leduc 2010). This is the case because, conditional on a shock, the model relies on a transmission mech-
anism with conventional ingredients.

In contrast, the model likely invalidates the conventional normative analysis in open economies,
and in particular the studies of the optimal exchange rate regimes. The model emphasizes the role of
the shocks in the financial markets, as opposed to monetary and goods market shocks, in accounting for
the bulk of the unconditional exchange rate variation. Therefore, a normative analysis must allow for fi-
nancial shocks, which introduce new tradeoffs for alternative policy options. For example, an exchange
rate peg may simultaneously reduce monetary policy flexibility, yet improve international risk-sharing
by offsetting the noise-trader risk (cf Devereux and Engel 2003). Furthermore, a microfoundation for
the financial shock is essential, as it may endogenously interact with the policy.

In addition, our framework can be used as a theoretical foundation for the vast empirical litera-
ture, which relies on exchange rate variation for identification (see e.g. Burstein and Gopinath 2012).
Similarly, it can serve as a point of departure for the equilibrium analysis of the international price sys-
tem (Gopinath 2016) and the global financial cycle (Rey 2013). Our model also offers a simple general
equilibrium framework for nesting the financial sector in an open economy environment. In particu-
lar, it summarizes the macroeconomic relationships in a few simple log-linear equations, which can be
combined with richer models of the financial sector (as e.g. Evans and Lyons 2002). We see this as a
particularly promising next step in exploring further the nature of the financial shocks and disciplining

them with additional moments on the comovement between exchange rates and financial variables.
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A Appendix

A.1 Additional Tables and Figures referenced in the text

Table Al: Quantitative properties of the baseline model and robustness

Data Baseline Robustness
0=25 a=0 ~r=.15 p=09 o=1
p(Ae) 000  —0.02 —0.05
1. (0.09)
0(q) 095 0.3 0.87
(0.04)
2 HL(q) 12.0 9.9 49
(6.4)
o(Aq)/o(Ae) 0.99 0.75 0.54
5 0(As)/o(Ag) 035 030 1.16 0.46
" o(A¢P)/o(Aq) 0.98 1.10 1.16 1.26
o(Ac—Ac*) /o (Aq) 020 031 042 042 0.81 0.48
4. o(Agdp—Agdp*)/o(Aq) 0.25 0.19 0.44 0.49 0.07
o(Anz)/o(Aq) 0.10 0.25 0.65
Fama fSr <0 —8.1
4.7)
Fama R? 0.02 0.04 0.07
5. (0.02)
o(i—i*)/o(Ae) 0.06 0.03
(0.01)
Carry SR 0.20 0.21 0.29
(0.04)

Notes: The baseline model corresponds to the model of Section 3 with parameters as in Table 1. The table reports robustness
analysis with respect to deviations of various parameters from their baseline values. The moments are robust to changes
in v, ¢, ; and 3 (not reported for brevity). The robustness panel of the table shows only the moments that are sensitive
to the change in the parameter values. Data moments and notation as in Table 2, and HL(-) corresponds to the half-life
estimate. The dynamic moments are calculated as the median of the in-sample estimates across 10,000 simulations with 30
years (120 quarters) each and the standard deviation across simulations are reported in brackets. The asymptotic values of
the estimates are similar to the medians except for p(q) — 1, HL(q) — oo and Sr — —4.6. The five sections in the table
correspond to the five puzzles defined in Section 1 and addressed in Section 3.1-3.5 respectively. See Appendix A.5.2 for
further discussion.

Table A2: Unconditional correlations between exchange rate and interest rates

Models
Data : :

NOEM IRBC Financial

(1) (2) (3) (4)
Corr(et, Tt — lr) —0.09 0.40 0.25 0.95 —0.19
(0.09) (0.34) (0.33)  (0.05)  (0.28)
corr(Aey, Aiy — Aif)  —0.18 038  —020  1.00 —0.12
(0.05) (0.08) (0.09  (0.00)  (0.05)

Note: Models: (1) multi-shock NOEM (from column 5 of Table 2); (2) multi-shock IRBC (column 6 of Table 2); (3) single-;-
shock model with a financial sector; (4) multi-shock model with a financial sector (column 7 of Table 2). See Appendix A.10.
The numbers in the brackets give standard errors calculated as Newey-West standard errors with 12 lags (months) for the
data moments and as standard deviations across 10,000 simulations for the model-simulated moments.
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Figure A1: Relative impulse responses to shocks as a function of

Note: The figure plots % = g:z;gzi

consumption and relative output respectively) and shocks e; € Q¢ = {wy, ax, gt, Kt, pit, Xt, M, &, V¢ } across models with

for three variables z: € {p: — p;,c+ — ¢i,yt — yi } (relative price level, relative

different home bias parameter v € [0, 0.15] and the other parameters as in Table 2. For three shocks (7¢, &, ¥+ ), the impulse
responses for all three z; are negligible relative to e; in the autarky limit (v — 0), and tend to monotonically depart away
from zero with v > 0. For the other five shocks (w, at, g¢, K¢, pit), the impulse response for at least one z; is of the same
order of magnitude as that for e;, even near v = 0. The ) shock is equivalent to 1; shock in terms of its effect on prices and
quantities, but they differ in their effect on interest rates (not shown). See discussion in Section 2.2 and Propositions 1-2.
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Figure A2: lllustration: Consumption-RER relationship

Note: Illustration for Section 3.4. A RER depreciation (¢;: T) has two effects corresponding to equations (36) and (37) in the
text. The latter is the expenditure switching towards domestic goods, which increases §: given ¢;. The former is the reduction
in the home real wage, which reduces the supply of labor and home goods g: given ¢é;. The joint equilibrium in the goods
and labor market, hence, requires a reduction in ¢, with in general ambiguous effect on output ;.
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Note: Left panel: OLS estimates pq from projection g; = pqqt—1 + €. Right panel: corresponding half-life estimates calculated according to
log 0.5

HL,= 5%

are the 90% bootstrap sets. The dotted lines in the right panel indicate the conventional 3-5 year half life estimates in the data (Rogoff 1996).
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Figure A4: Volatility of prices and quantities relative to real exchange rate

Note: The figures plot the regions in the model parameter space resulting in the empirically-relevant volatilities of prices (terms of trade s¢,
left panel) and quantities (relative consumption ¢ — cj, right panel) relative to the volatility of the real exchange rate q¢. The left panel
is in the (e, 7y)-space and the yellow region within dashed lines corresponds to the parameter combinations that result simultaneously in
var(Ast) < var(Ag:) and corr(As, Age) > 0, while within the solid lines % < 0.5 (refer to Proposition 6). The right panel is in
std(Acg—Acy)
std(Aqe)
above the dashed line corresponds to the possible parameter combinations for oligopolistic competition under CES demand (as in Atkeson

the (6(1 — «), v)-space with the yellow region under the solid line resulting in < 0.5 (refer to Proposition 7). The region

and Burstein 2008), which does not jointly allow for such 6 and « that result in a quantitatively moderate response of consumption.

(a) Fama 3

(b) Fama R?

(c) Carry Sharpe Ratio

0.4

.1
0.9

~ (o]
0.92 0.94 0.96 0.9

p, persistence of the 1 shock

0.98 0.92 0.94 0.96

p, persistence of the 1); shock

0.98 0.92 0.94 0.96

p, persistence of the v, shock

Figure A5: Fama regression, UIP deviations and Carry trade returns
Note: Monte Carlo study of the baseline model (with parameters from Table 1) based on 10,000 simulations of the model with 120 quarters
(30 years). The solid lines plot the median estimates across simulations, the areas represent 90% bootstrap sets, and the red dotted lines are
the asymptotic values. Panel (a) plots the 3 coefficient from the Fama regression of Ae;1 on (ix — i} ), while panel (b) plots the R? from

this regression. Panel (c) plots the unconditional within-sample Sharpe ratio calculated as the coefficient of variation for the carry return
7<=t - (it — i} — Aegy1), as defined in (A71).
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A.2 Demand structure

Consider the general separable homothetic (Kimball 1995) demand aggregator C; defined implicitly by:

CHt Cry _
Que g (QHtCt> +Qr g (QFtCt) =1, (A1)

where ¢’ > 0, g” <0and g(1) = ¢/(1) = 1 (a normalization), and

Qe =(1— ’y)e_'Y& and Qp = 76(1_7)£t

are the weights which satisfy the required properties. Then expenditure minimization results in the

following demand schedules:

Crt = (1—7)e ""h (PHt) G, and  Cpy =ye™%h <PFt> Ct, (A2)
Dt Dt

where h(x) = ¢'~!(x), which implies /’ < 0 and h(1) = 1, and where D; is the Lagrange multiplier
on the aggregator (A1). We can solve for D; by substituting demand (A2) into the aggregator (A1):

(1—nr)e g <h <IE)> +yell=é g (h (E)) =1, (A3)

and also define the price index in this economy from the expenditure per unit of Cy:

P P P E
P - HtCHt;; FiCre (1 —~)e " Py <g:> 4 ye1=E P, (5;) : (A4)

Proof of Lemma 1 It is immediate to check from (A3)-(A4), using g(1) = h(1) = 1, that when & = 0
and Py, = Pry, we have P, = Dy = Pyy = Ppy, which corresponds to the symmetric steady state.

Using demand (A2), we immediately have that the symmetric steady state foreign share is:

PrCry vCy

PuiCri + PriCryle=0, Pyy=pPp, (1 —=7)Ct +~Cy -

s

where we again use h(1) = 1. We next use (A3)—(A4) to obtain the log-linear approximation for P,

and D; around the symmetric steady state:*®

pe =di = (1 = ¥)pme + vpres (A5)

where p; and d; are the log deviations from the steady state values. Note that the taste shock & # 0
does not affect the first order approximation to the prices index (due to the way it enters the weights

Qg and Qfy). Finally, log-linearizing (A2), we have:

cat = —v& — H(th - dt) + ¢t and CFt = (1 - ’Y)ft - 9(]9Ft - dt) + ¢4,

“In the CES case, which obtains with g(z) = 9—11 (6266%1 — 1), we have P; = D;, while for a more general demand

P, and D, different by a second order term around a symmetric steady state. Since our analysis relies on the first order
approximation to the equilibrium system, we replace D; with P; in the demand equations (5) in the text.
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where § = — h];((“?)x ’le = —81%2(1’) ’le. Together with (A5), these expressions results in (7). Sub-

tracting, we have cpy — ey = & — 0(prt — pt), which implies that the elasticity of substitution is
indeedd. W

Monopolistic competition and price setting Consider now a unit continuum of symmetric domestic
firms with marginal cost M C} and a unit continuum of symmetric foreign firms with marginal cost
&M Cf monopolistically competing in the domestic market. We generalize the consumption aggrega-

tor C; to be defined in the following way:

1 , 1 ,
CHt(Z)> . / <0Ft(l)) .
QO di+ [ © di=1, A6
/0 Htg<QHtCt i ; mg\ e )4 (A6)

with taste shocks (Q ¢, Q) determined as above by a common home bias parameter y and a common
demand shifter & for all varieties ¢ € [0, 1]. The households choose {Cr (i), Cr:(i)} to maximize C;

given prices and total expenditure:

1 1
E, = P,Cy 2/0 Pryi(i)Cre(i)di +/ Pri(i)Cry(i)di. (A7)

0

This expenditure minimization results in individual firm demand as in (A2). A representative home firm

takes (Cy, P, D;) as given and sets its price to maximize profits from serving the domestic market:

Pyi(i) = arg max {(PHt(i) — MCY)(1 - y)e " <Pfg(i>> Ct} :

P4 (i) t

which results in the standard markup pricing rule, with the markup M, determined by the elasticity
of the demand curve h(-). Since all domestic firms are symmetric, we have C;; = Cpy(i) and Pry =
Pr(3) for all ¢ € [0,1]. Similar price setting rule is used by symmetric foreign firms with marginal
costs &M CF, and we also have Cpy = Cry (i) and Pry = Ppy(i) for all i € [0, 1]. Following the proof
of Lemma 1, the elasticity of demand in a symmetric steady state equals 6, and therefore the steady
state markup is given by M = /(6 — 1) for both home and foreign firms.

We next take a log-linear approximation to the optimal price P+ around the symmetric steady state:

pat = —L'(pH: — Dt) + My,

where we use the approximation d; = p; and I denotes the elasticity of the markup M, with respect
to the relative price of the firm, evaluated at the symmetric steady state. Note that this equation is the
counterpart to (12) in the text with @ = 1+LF and p; = 0.

Lastly, we provide further details about the primitive determinants of 8 and « (see Amiti, Itskhoki,
and Konings 2016, for a more indepth exposition). Define the demand elasticity function é(ac) =

—83901%) ggf), so that § = A(1). Then the markup function is given by M(z) = 7 0@) _ and the elas-

—1°
ticity of the markup is given by I'(z) = M with M = M(1) and T’ = T'(1). Manipulating
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these definitions, we can represent

[(z) = ~6($)1, where E(x) = w

is the elasticity of elasticity (or super-elasticity) of demand. Therefore, I' = 5%, where ¢ = €(1), and

we further have:
T €

TI+T e46-1
To the extent ¢ and 6 are controlled by independent parameters, we can decouple the elasticity of

«

substitution € from the strategic complementarity elasticity «. Indeed, 0 is a characteristic of the slope
(the first derivative) of demand /', while € is a characteristic of the curvature (the second derivative) of
demand h”. Formally, we have:

_ Ologf(z) W (x)x h'(z)x

h(z) lz=1 and ‘T dlogx L= h(z) * h’(ac)}

We assume that the demand schedule A (-) is log-concave, that is € > 0, and therefore o € [0, 1), since
0 > 1is the second order requirement for price setting optimality. An appropriate choice of € produces
any required value of « for any given value of 6. A suitable parametric example can be found in Klenow
and Willis (2006) and Gopinath and Itskhoki (2010), where h(z) = [1 — € log(x)]g/ ¢ for some elasticity

parameter 6 > 1 and super-elasticity parameter € > 0.

A.3 Equilibrium system

We summarize here the equilibrium system of the general model from Section 2.1 by breaking it into
blocks:

1. Labor supply (3) and its exact foreign counterpart.

2. Labor demand in (10), used together with the definition of the marginal cost (9), and its exact

foreign counterpart.*

3. Demand for home and foreign goods:
Yi =Y + Y and Y =Yr + Y5y, (A8)

where the sources of demand for home good are given in (17) and (18), and the counterpart

sources of demand for foreign good are given by:

Yy = e (1;“) (Co+ Xo + e], (A9)
t

* P* *
Yi, =(1— 'y)e*%t h (;f) [C’t* + X[ +e9, (A10)
t

where X; and X satisfy the intermediate good demand in (10) and its foreign counterpart.

*Note that the input demand equations (10) together with the marginal cost (9) imply the production function equation (8).
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4. Supply of goods: given price setting (12)—(13) and their foreign counterparts given by:

Ppy = e"i P (MCFE) Py, (A11)
Py, = el MCH o pre, (A12)

output produced is determined by the demand equation (A8).
Given prices (Ppy, Pjyy, Pre, Pry,), equation (6) defines the price level P as a log-linear approx-
imation, and a similar equation defines P;.*°

5. Asset demand by home and foreign households (4) and (15), which can be rewritten as an inter-

national risk sharing condition and a no-arbitrage condition:

E; {ewt@wlg?l - @Lrl} =0, (A13)
t
E¢ {@t+1 [eth?gtgl - Rt] } =0, (A14)
t

with the stochastic discount factors ©;11 and ©} | defined in the text.

6. Home-country flow budget constraint (19), with its foreign counterpart redundant by Walras Law.

A.3.1 Symmetric steady state

In a symmetric steady state, B* = B*f" = 0, and the shocks (defined in Table 1) take the following

values:
== =n=n"=x=x"=0,
and we normalize W = W* = 1 (corresponding to w = w* = 0). We let the remaining shocks take

arbitrary (zero or non-zero) symmetric values:
a=a", g=g, K=K and w=pu".

We start with the equations for prices. In a symmetric steady state, exchange rates and terms of
trade are equal to 1:
E=0=85=1, (A15)

and therefore we can evaluate the prices using the equilibrium conditions described above:

P=P*=Py=Pi=P},=Pp=

eTia @ —¢

*Log-linear expression for p; in (6) can be replaced with two non-linear expressions (A3)-(A4) defining (P;, D;), and
P, should be replaced with D; in demand equations (17)-(18) and (A9)-(A10). The rest of the equilibrium system stays
unchanged. However, these adjustments do not have first order consequences, as P; and D; are the same up to second order
terms, and therefore the log-linearized system in Appendix A.3.2 is unchanged.
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1
e—ap¢ o elqb—'ua —a 1-¢
1=g)1=9¢% — | (1-¢)'~?¢?
Next we use these expressions together with production function, labor demand and labor supply

to obtain two relationships for (C,Y, L):

with the marginal costs given by MC' = MC* = 0

L=eT-¢1-a T-6¢ 1-9Y, (A17)
-k e p _o
= = T9 T-0-9 (1 —¢)pT-0. (A13)

Substituting prices (and using h(1) = 1) and intermediate good demand X = ¢MT9Y = e%(j)Y into

the goods market clearing, we obtain an additional relationship between C and Y
C+ef = [1—e*ﬁ¢]y. (A19)

We furtherhave Y = Y*, and Yy =Y; = (1 — )Y and Y}; = Yp = 7Y
The asset demand conditions imply that R = R* = 1/f.

Lastly, we define the following useful ratios:

GDP P(C+ Q) _n
= fd = 1 —_ l—«a A20
¢ Output PyY ¢ ¢, (420
Import PrYr PrYp
yE o= ==Ly, (A21)
Xpendlture PyYy + PrYr PyY
Import+Export  EPpYy + PpYp 2y (A22)

GDP - P(C+G) ¢
A.3.2 Log-linearized system

We log-linearize the equilibrium system (summarized above in Appendix A.3) around the symmetric
steady state (described in Appendix A.3.1). We split the equilibrium system into three blocks — prices,
quantities and dynamic equations — and solve them sequentially, as the equilibrium system is block-

recursive.

Exchange rates and prices The price block contains the definitions of the price index (6) and its foreign

counterpart:
Py = Pue + (1= )pFs, (A23)

as well as the price setting equations (12)—-(13) and (A11)-(A12), in which we substitute the marginal

cost (9) and its foreign counterpart and log-linearize to obtain:

pat = — (1 = ajar + (1 — a)(1 — ¢)(we — pt) + pr, (A24)
Pre = pe+ e — (1 —a)ag + (1 = ) [(1 = @) (wy — pe) + pe — €] + oy, (A25)
Pre=n; — (1 —a)ay + (1 —a)(1 — ) (w] — p;) +py, (A26)
pre=pi T — (1 —a)ay + (1 — a)[(1 = ¢)(w; —pf) +pi + e + ape. (A27)
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In addition, we use the logs of the definitions of the real exchange rate and terms of trade (14) and (20):

q = p; + et — p, (A28)
St = PFt — D¢ — €t (A29)

First, it is useful to define the log LOP deviations (as in equation (14) and in its foreign counterpart):

qHt = Py + € — PHE = M + gy, (A30)
qrt = Py + € — P = —0; + aqe, (A31)

where the expression on the right-hand side are obtained by using (A24)-(A27) together with (A28).
Then, we combine (A28)-(A29) together with these expressions, to obtain:

st =qi — 27 — 2aq, (A32)
a=1—"q —7st, (A33)

where ¢ = Dp + €t — Py is the producer-price-based real exchange rate and we use the tilde notation

#y = (x4 — x})/2 for any pair of variables (x4, z}). Lastly, we solve for ¢ and s; as function of g;:

1—2ay 2y
P
= — A34
s g o ( p i (A34)
1—2a(1 — 2(1 —7) .
St = 1-7) gt — 1-7) Mt (A35)

1— 2y 1—2y

Next, we use these solutions together with the expressions for price indexes (6) and (A23), to solve

for:!
Y (L—a)y  me—(1 -
— e f— e — = — 3 A36
PHE =Pt =~ 7(szt pt) =Y(PHt — PFt) oy Ut -2 (A36)
* * Y * * * * (1 — a)fy 7277* — 7(1 - ’7)7715
th—pt:—il_,y( e — ;) = V(Pre — Prt) = -2y g+ 127 : (A37)
Combining these expression with (A24) and (A26), we can solve for the price levels:
V2ne—y(1—)nf
1 Ht— — 12y g
= — A38
Dt wt+1_¢ 1~ a at+1_27‘ﬁ ) (A38)
S e 1€ S D11
. . 1 Ht = 1—2y *
_ ot A39
Pt wt+1_¢ 1~ 4 s (A39)

SINote from (6) that prrt — p+ = v(prt — Prt), and we use the following steps to solve for:

put — Prt = —(Prt — Pire — €t) — (Prre + €¢ — Due) = — (8¢ + que) = —(S¢ + age +nt),

in which we then substitute (A35) to solve out s;. Similarly, we solve for p%, — p;.
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which together allow to solve for the relationship between ¢; and nominal exchange rate e;:

241 2y
l—-a 1-2y1-a’

(1-¢)+ g = (1 = d)er — (1 — ¢)2w; + 2a; — (A40)

1—2v

Real exchange rate and quantities The supply side is the combination of labor supply (3) and labor

demand (10) (together with marginal cost (9)), which we log-linearize as:

K+ oc + 20 = w — py, (A41)
b = —ay — P(w — pt) + ys- (A42)
Combining the two to solve out ¢, and using (A38) to solve out (w; — p;), we obtain:*2

Y=y (1=y)n}

vocy + yp = 1j;at— leJ_rZ i 1_1;[27 1_727% — UK. (A43)
Symmetrically, the same expression for foreign is:
T E R Ve = el :
y06t+yt:1—¢at_1—(b —a —1_27qt — VK4
Adding and subtracting the two we obtain:
voe, + i = 1412%_ ’Ifj”’it?jt — VR, (Ad4)
vocy + Yy = it;dt— Iii—z ﬂt;i{?ﬁt 1_727% — VK¢, (A45)

where Z; = (2, + 2})/2 and &; = (x4 — x})/2 for any pair of variables (z, x}).

The demand side is the goods market clearing (A8) together with (17)-(18), which we log-linearize as:

ye = (1 = 7)yme + v
yre = =& — 0(pre — ) + Cloce + (1= <)ge] + (1 = Q) [(1 = @) (wr — pr) — ar + y1),
Yire = (1 =& — 0(pir, — i) + Cloct + (1= 6)gi ]+ (1 = O[(1 = @) (wf — pf) — a; + 471,

where ¢ = C/(C + G),( = P(C + G)/(PuY ), and we used expression (10) and (9) to substitute for

X (and correspondingly for X;*). Combining together, we derive:

= (L= Ol = 2] - Gler - 298] = o1~ 2D 1= 0| (110
_ O~ (1 — O~ (1 — — -
+ ¢ =9)ge — 2v] — %[ut — 2vju] + Z(i 23) L+ ( Wl(i 27” - i_ iv) n —2v(1 = 7)&,

where we have slowed out (w; — p¢) and (w; — p;) using (A38)—(A39) and solved out (pr; — p;) and

2 A useful interim step is: voce +yr = (v + @) (wr — pe) + ar — vk
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(ps;, — ;) using (A36)—(A37). Adding and subtracting the foreign counterpart, we obtain:>®

g =<+ (1—<)g — i.i:i/lt 2 (2917(_1 2_77) - i:&) M, (A47)
1= (1= 29)(1 — Olfi = (1 — 2)Cséi + (1 - 29) {cu Qi - = iu] (Ass)
s n =G+ o -0 - -0 g

An immediate implication of (A44) and (A47) is that (%, ¢;) depends only on (ay, gt, K¢, jit, V) and
does not depend on the real exchange rate ¢;. In particular, if a; = g = k¢ = fir = ¢ = 0, then
Yyt = ¢ = 0. This is the case we focus on throughout the paper, since as we see below the variation in
(@, gt, Rt, fit, ) does not affect ;. Combining (A45) and (A48) we can solve for ¢, and ¢;. For example,
the expression for ¢; is:

1+v. v+ao o i

[(1-29)¢(o+5) + 2900] = [(1-29)¢ + 27] [1 R T irte H] —(1-29)(1-9)3  (A49)

1-q. 1-¢ v+¢1-(Q1-Q0-29)] . ;
l—aut_ry[l—a_l—qb T o }Ut‘FQV(l—V)&

R L e (I Y

+(1-2v)

Lastly, we provide the linearized expression for net exports:
nTy = ’Y(y?it —Yrt — St);

where nx; = P}J%N X, is linear deviation of net exports from steady state NX = 0 relative to the

total value of output. Substituting in the expressions for sy, y7;, and y;, we obtain:

2(1—19) l—a  29(1-() X . .
—ylo1-a) > o —9 [ 1 1
ni 7[( @) oy YT T T 1o | v|Clsé + (1= <)ge] + (1 = )
—C. - 1—v 1-¢].
2 - (1- —27160(1 - — . A50
+7L_aut (L =7)&| — 27 |6( '7)4r1_27 T | (A50)
The log-linear approximation to the flow budget constraint (19) is given then by:
Bbiy — b = nxy, (A51)
where b = %BZ is the linear deviation of the net foreign asset (NFA) position from its steady
state value of B* = 0 relative to the total value of output (both in foreign currency, using steady

state exchange rate of £ = 1). Note that the dynamics of &£ and R; has only second order effects on

3 The foreign counterpart is obtained from combining together and rearranging:

yi = (1= 7)Yr: +7Yre,
Ype = =& — 0Pk — pi) +Clser + (1= <)gi ]+ (1 = O[(1 — @) (wi —pr) —ai +yi ],
yre = (1= 7)€ — 0(pre — pe) + Cloce + (1= ¢)ge] + (1 = O)[(1 — @) (we — pe) — as + yt].
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the returns on NFA (and hence drops out from the linearized system), as we approximate around a

symmetric steady state with zero NFA position. Equations (A51) is part of the dynamic block.

Exchange rate and interest rates It only remains now to log-linearize the asset demand conditions (4)
and (15), which pins down the equilibrium interest rates, as well as provides an international risk shar-

ing condition:

iy = Ky {O-ActJrl + Athrl - AXtJrl} >
it = B {oAcit1 + Apry1 — Aeppr — Axei1} — U,

where i; = log R; —log R and ¢} = log R} —log R*. We combine the first two to obtain a no-arbitrage
(UTP) condition, the last two to obtain a risk-sharing (Backus-Smith) condition, and the first with the

third to solve for the interest rate differential:

iy — 1 = EAegr1 + iy, (A52)
B {o(Aciy1 — Acfy) — Ager } = ¥ + B {2A%41} (A53)
iy = 1(iy — i7) = By {oA&41 + AP — AXug1} (A54)

Substituting out Acy11 — Acf, 1 = 2A¢41 in (A53) using (A49), we obtain an equation character-
izing the expected real depreciation E;Aq;11 as a function of exogenous shocks. Together with (A51),
in which we substitute (A50), it forms a system of two dynamic equations that describe the equilibrium

dynamics of the real exchange rate given the exogenous dynamic processes for the shocks.

A.4 Autarky Limit and Proofs for Section 2.2

Proof of Propositions 1 The strategy of the proof is to evaluate the log deviations of the macro
variables z; = (w¢, pt, ¢t, U, Yt i¢) from the deterministic steady state (described in Appendix A.3.1)
in response to a shock &, = V'Q; # 0.°* In particular, we explore under which circumstances
lim,_,9 z; = 0. It is sufficient to consider the log-linearized equilibrium conditions described in Ap-
pendix A.3.2, as providing a counterexample is sufficient for the prove (hence, the focus on the small
log deviations is without loss of generality). Furthermore, the proof does not rely on the international
risk sharing conditions, and hence does not depend on the assumptions about the (in)completeness of
the international asset markets.

To prove the propositions, consider any shock e; with the restriction that

n=mn =& =& = =0. (A55)

We now go through the list of requirements imposed by the first part of the condition (21):

**We do not impose any restrictions on the process for shocks in §2;, with the exception of the mild requirement that any
innovation in §2; has some contemporaneous effect on the value of shocks in €2, i.e. we rule out pure news shocks. We discuss
examples with specific time series processes for the shocks in the end of this subsection.
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1. No wage response lim,_,o w; = 0 implies w; = 0, i.e. the unit of account shocks cannot lead to

the exchange rate disconnect in the limit.

2. No price level response implies, using (A38) and (A55):

) 1 i
1 = _ — =
wg%pt wt+1¢[1a at] 0,

which in light of w; = 0 requires p; = (1 — «)ay, i.e. the markup shocks must offset the produc-
tivity shocks to avoid variation in the price level.

When the same requirements are imposed for foreign, it ensures lim_,0{g; — e;} = 0, as imme-

diartely follows from the the definition of the real exchange rate ¢, = pf +e; — p; (see also (A40)).

3. From the labor supply and labor demand conditions (A41)-(A42), no consumption, employment

and output response require:
lim {act + %Et +pt} =w — ke =0,
v—0

lim {yt — U+ ¢pt} = a; + ow; = 0,
v—0

which then implies a; = x; = wy = 0 and by consequence p; = 0 from the result above. That

is, there cannot be productivity, markup or labor wedge shocks, if the price level, consumption,

output and employment are not to respond in the autarky limit.

4. Rearranging the goods market clearing in the home market (A46), we have:

1—
tim {Gu = Goer} = €1 = g — g =0,

which in light of the above results requires g; = 0.
5. Lastly, the home bond demand requires:

%i_l% {oAEici41 + AEpry1 — it} = EtAxep1 =0,

therefore there cannot be predictable changes in x; and unpredictable changes in x; do not affect

allocations in a one-period bond economies, hence without loss of generality we impose x; = 0.

To summarize, the first condition in (21) (combined with the absence of 7, & and vy shocks) implies:
w =Xt =kt =ar = pit = gt =0,

i.e. no other shock can be consistent with lim,_,y 2;4; = 0 for all j > 0, however in the absence of
shocks lim,_,0 e;4; = 0, violating the second condition in (21). A symmetric argument for foreign

rules out the foreign counterparts of these shocks. This completes the proof. M
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Proof of Proposition 2  For the proof, we consider the equilibrium system in the autarky limit by only
keeping the lowest order terms in + for each shock or variable.”> Throughout the proof we impose
wy = Xt = ke = a¢ = gy = g¢ = 0, as well as for their foreign counterparts.

First, we consider our three moments of interest when ¢; is the only shock, that is we set 1, =
& = 0. For this purpose, it is sufficient to consider the static equilibrium conditions only, as the effect

of the 1; shock on the macro variables is exclusively indirect through ¢;. Specifically:

1. Consider the near-autarky comovement between the terms of trade and the real exchange rate

from (A35):
V(B Ad) _ 90y 50 i o<t
27

I
By var(Ag)

since we have 7, = 0. a < 1/2 is a necessary parameter requirement for this result, which is

borne out in the data, as we discuss in Section 3.

2. Consider the near-autarky comovement between the relative consumption and the real exchange

rate from (A49), which in the absence of all shocks but v, simplifies to:

2(1—7)+V+¢ 1 1+v

[(1—27)C(V0+§)+2’w0]5t:—’Y [9(1_04) 1-2y ' 1-¢1-2yv 1-¢

(1— C)] at-

Hence, we have:

) lcov(Act—ACf,AQt)__ 2 ( _ vte )
%13%7 var(Aqgt) - ((vo+9) 20 a)+C1—¢ (1=0) <0

which is negative for all parameter values since

v+ (= (1—-9)
— -

V—l—gb_
1—¢

as from (A20) ( =1 — e /(=g > 1 — ¢,

>0

¢

(1-9¢)

3. Consider the near-autarky comovement between the nominal exchange rate and the nominal

interest rate differential (the Fama coefficient) by using (A54), which we write in the limit as:
(A —=¢/o)
1-¢
where we used expression (A49) for ¢; and expressions (A38)-(A39) for p; and pf. Furthermore,
(A40) and (A53) imply E;Aei11 = EAqry1 = —1); in the limit and with ¢, shocks only. There-

2vo

e — i = B {20A¢ 2AD =
=1 t{20A¢ 11 + 20D} (o 1)

|:29(1 - Oé) —1 + ]EtAthrl-

SFor example, consider equation (A40), which we now rewrite as:

1 _ [ ~ 1 7
Qt*GtZQ{ (at* fit )*wt]JrQ'Vi i

1—¢ l1-«a 1—¢l—a’

Note that the gap between ¢: and e; is zero-order in v for shocks (at, fi+, w¢) and first-order in +y for shock 7.

54



fore, the Fama regression coefficient in the limit is:>®

lim’yCOV(EtAet—‘rl’it_iz{) __C(I/O’—l—§) 1 <0
=0 var (iy — iy) 20 20(1—a) — 1+ C(llicq{a) )

which is always negative under a mild additional requirement that § > 1 and o > 1 (since¢ < 1

and a < 1/2), with a necessary condition being substantially weaker.”’

This proves the first claim of the proposition that ¢, robustly and simultaneously produces all three
empirical regularities in the autarky limit.>®

Second, recall that the uncovered interest rate parity (A52) implies that the Fama regression coef-
ficient:
cov(Aept, i — if)

Br =

— =1 whenever Y = 0.
var (i — i})

Therefore, (n¢,m;,&, &) shocks that follow any joint process cannot resolve the forward premium
puzzle. This is sufficient for the second claim of the proposition that the remaining shocks cannot
deliver the empirical comovement for all three moments. Nonetheless, we explore the remaining two
moments as well.

Third, in the remainder of the proof, we focus on the & and 7; shocks (setting all other shocks
including ¢ to zero), and impose specific time series process for these two types of shocks, which can
be viewed as providing counterexamples sufficient for our argument in Proposition 2. Specifically, we

focus on AR(1) processes for relative shocks:

gt = Pgétq + Ug5§7
Tt = pyli—1 + opey,

with pg, p, € [0, 1] and where 5%,5? ~ 4id(0,1). We focus on the zero-order component of the

exchange rate dynamics in +, as this component is non-trivial for both & and 7t shocks. There-
fore, we drop the first and higher order components in +, so that we have ¢; = ¢; from (A40) and
E:Agi+1 = EtAerr1 = 0 from (A53) together with (A49). Hence, the dynamics of the exchange rates
is a random walk with jumps that satisfy the intertemporal budget constraints. The flow budget con-
straint (A51) (with net exports (A50), in which we substitute the solutions for ¢; and ¢ from (A45) and
(A48)) up to first order terms in 7 is given by:

ﬂbZ‘H - b: =2y [19% - §~t — (0 — 1)77t]7

where ¥ = 0(1 — o) — % Solving this equation forward and imposing limy_, 37 b% 41 =0, we

*We make use of the fact that cov (Aeit1,4: — i7) = cov (EtAest1, it — iy ) since it — iy is known at ¢.

"The Fama coefficient for the real interest rates is always negative without any further parameter restrictions, as it is
proportional to the expression for the Backus-Smith correlation, since the real interest rate ry = iy — E:Apiy1 = 0E A4
in the absence of x; shocks.

%1t is also easy to verify that the dispersion of the (real and nominal) exchange rate is separated from zero in response
to a v; shock since from (A53) E;Aqgi+1 = —+ and ¢; needs to adjust in response to v, to ensure intertemporal budget
constraint with net exports following (A50). We show this formally in Appendix A.5 for 1); following an AR(1) process.

55



obtain the solution for the equilibrium exchange rate:*’

11-8 f-11-5
A1 = Em%&fﬂ + Tm“nfgﬂ-

We can now calculate the moments using static equilibrium conditions (A35) for s; and (A49) for ¢;:*

(1 -2a) >0, for & shock
cov(Asy, Agr)

im (1—20)—2¥ (At Ad;)
v—0 var(Aqt)

var(Aqy) ’

20—y g for n; shock
=(1—20) |:11204611 6WI:|<07 Tt ’

6—1 1-3

20(1-a)-(1-2a) [Bl—pe)  (1=20)+CFEZ—(1-Q) | _
1 cov (Aé:, Agt) Lots) . [ =0 26(1=a)=(1=22) | 20, for &
T var(Aa) 20(1—a)+¢ 55 _ _g 20(1—a)+¢HES—(1-0)
—0 var(A 1 1—¢ S| 1-8 ¢
Ea (Aar) C(vote) 01 11;2 1 60— sy 1=PBpn 20(1—a)+¢ 12 >0, form,

0— 2(1—a)

where for the first moment we maintain the assumption that & < 1/2 and to sign the second moment
we use the fact that { > 1 — ¢. To see that the Backus-Smith correlation under &; shocks can take both
signs, it is sufficient to consider the case with p¢ = 1 (when the correlation is negative) and the case
with p¢ = 0 and § =~ 1 (when the correlation is positive). If 3 > p¢, under our parameterization it is
sufficient to have the quarterly discount factor 5 > 0.75 for the sign to be positive (with the calibrated
value of 5 = 0.99). This shows that the 7}, shock robustly generates counterfactual comovement with
all three macro variables, while the & shock does not robustly deliver empirically relevant comovement

between exchange rates on one hand and interest rates and relative consumption on the other hand. W

A.5 The Baseline Model of Section 3 with ¢); Shock

Consider the log-linearized equilibrium system from Appendix A.3.2, in which we set w; = p; = n =
& = g¢ = ar = kK = x¢ = 0 at Home, and equivalently in Foreign, and also specialize to ¢ = 1 and
¢ = 1— ¢ (corresponding to G = 0 and i = 0 respectively). The equilibrium system is block recursive,
and we solve it in turn for prices, quantities and equilibrium dynamics, followed by the discussion of

interest rates.

*We describe a rigorous solution method in Appendix A.5, while here we offer a heuristic argument: the net present value
(using (3 as a discount factor) of any innovation to the right hand side of the flow budget constraint needs to be zero for
intertemporal budget balance. Denote £, = Ag; the (random walk) innovation of the exchange rate. The net present value
of the innovation to the flow budget constraint is therefore Z;io B [198,5 - pgagef — (6 — l)pjn'onsg] = 0, and solving for
€t from this equation we obtain the expression in the proof.

%In our calculations, we use the interim results that in response to 1, shocks:

-1 1-8\* , 01 1-8
d A A =
0(1—a)—%1fﬂpn> ol an cov(Ane+1, Aget1) 6,(1_&)_1,220617/3%0,,7

var(Aget1) = <

and similarly for the &; shock.
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Price block We rewrite the solution from Appendix A.3.2 for this special case as follows:®!

1—2a(l —7) P 1—2047
e S A d el
ot 1-2y & ¢ =T
1 d 1 7 (A56)
= an -
bt 1—61-2 at by 51 ai,
and
! (A57)
="7"7"1 29
1+ 515

Quantity block Again, rewriting the general solution (A45) and (A48) for this special case, we have:

voc, + g = _ijl—v%%’ (A58)
(20— O — (-2 =7 200 — ) —(1-O)|q  (A59)

1— 2y

where we used the fact that now ¢ = WCG = 1, and in what follows we alsouse { = 1—e " ia ¢ =1—0a.

(Recall that & = 3(c; — ¢}).)
We solve (A58)—(A59) for consumption and output explicitly:

29(1—a)%+y+”+¢2—7 1 2

* _ 1-¢1-2y
ct — ¢ = —YKyqt, Ky = 5 >0 (A60)
1—1—01/(1—1—1(;51%7) 1—¢1—2y
y " U = sk’ v+¢ 2 (29(1 - O‘)l 27—\/ - ¢) - (V + d)) 1 2
t— Yy = ts = - = :
t q q T 1 —¢p1—2y 1+ov(l+ 255%) 1-¢1-2y
Note that in the text in (38) we simply use r for £y,
Using (A50), we can rewrite net exports in this case as:®?
1—7 11—« 2y - -
=~120(1 — - — 2v((1 —
nay ’Y[ ( 04)1_2,y+06 1_274'1_274 gt — 27((1 = )¢ + o)
1—n
= vk "m = |20(1 — 2(1 — —1—~vKY . A61
L e =

Note that xj < kg, and may be negative. Furthermore, rg® > 0 iff (after using k4 and simplifying):

1- 1 L2 [v+ (1 +ov)s
20(1 — )~ oV e S 1-2(1—)a— 1 ok - I (A62)
1=2y1+ov(1+ {1 3T ) 1+ov(l+ 15 FT= 27)

Finally, note that we scaled the coefficient «{, x§ and x}* so that they are zero-order in 7, that is the

limits of these coefficients as v — 0 are separated from both 0 and oo.

_(1 )

'We also have pr¢ — pr = — 125 (pFe — pt)

= ¢+, and symmetrically in the Foreign market.
’Note that ¢ + (1 — ) = ﬁyt [ 0(1 — )=

'y - ¢] 172’yqt'
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Dynamic block We combine together the international risk-sharing condition (A53) and the flow

budget constrain (A51), and use the solution (A60)—-(A61) above, to obtain:

Y =B {oA(cty1 — ¢i1q) — Agra } = — (1 +y0k]) EtAgiy, (A63)
Bbii — by = nwy = yry" gz (A64)

Given the proportional relationship between real and nominal exchange rates (A57), we can equiv-
alently rewrite the dynamic system above in terms of the nominal exchange rate e;, corresponding
to (24)-(25) in the text, with:

12 12 1— 6 2
WM T Tty Tty o[20(1 —a)15 + 1557 5] — 1 A6s
YT Ty T 2y 1+ ov(1+ 122 ’ (A65)
T¢1-2v 6127 ov T 6127
,{nx
o= (A66)
1 2
]

Note that (A62) ensures ;* > 0, which also implies A > 0. In turn, Ay > 0 iff:

1 2
ol260 )= 4 ¢ 2 | (A67)
1—-2y 1—¢1—2y

We discuss sufficient conditions for (A62) and (A67) in Appendix A.5.1. Note, however, that the signs
of A1 and )y are inconsequential for the proofs of the main results.

Equations (A63)-(A64) define a dynamic system in (b, ¢+ ), where we assume the exogenous shock
1 follows an AR(1) process:

e = pthr—1 + &t (A68)

This system can be solved for the equilibrium dynamics of ¢; and b; using the Blanchard and Kahn
(1980) method.®®> We prove:

Lemma A2 The unique non-explosive solution to the dynamic system (A63)—(A64) with (A68) is given by:

1 3 1
A = pAq: + Et41 — =E¢ |, A69
Ge+1 = pAG + 7 Tore 1= Bp < 17 g t) (A69)

g 1

L+yokg 1 — 6p€t'

AbF, | = pAb; + (A70)

Proof: We rewrite the dynamic system (A63)—-(A64) in matrix form as:

g @ y_ [ L 0 a \ W
"\ b 1/8 1/8 by 0o )’
—_—

=A

63Alternatively, this system can be solved by the method of undetermined coefficients. Rewriting (A63) as E¢gr11 = ¢t — 12&,
it must be that ¢, = ﬁlﬁz + my, where m; is a martingale with the innovation given by the only fundamental shock &;.
That is, m¢41 = my + VYei41, where ¥ is the undetermined coefficient. We then use (A64) to find the unique value of ¥ that
results in a non-explosive path for b;.
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where we use the rescaled variables b; = 7:295 and ¥, = 17’07’# for convenience. Matrix A has
q q

+vyo
two eigenvalues: 1 and 1/5 > 1. The left eigenvector of matrix A associated with eigenvalue 1/4 is

v = (1, 1 — (). Premultiplying the system by v from the left, we have:

1 7 ~
Eizi1 = th — 4, where = ( Zt ) =q + (1 - B)by.
t

The unique non-explosive (forward) solution of this dynamic equation is:®*

I} N

=8 FBuy, = 1 Vi

= — B

This implies a cointegration relationship for the endogenous variables, g; + (1 — ﬂ)l;t = %1@, which
can be used to solve out ¢; in (A64), yielding:
1 N
Vi,
1-0Bp

which implies (A70) given the definitions of b; and v, and using the fact that (1 — pL)y; = &, where

Abyyq =

the lag operator Lx; = x4 for an arbitrary variable ;.
Next we take the first difference of (A64):

5o 1
1— ﬁp¢t - 1— Bpwt—lv

Agy = BAb — Aby =

where the second equality substitutes in the solution for Al;t_H. Applying the (1 — pL) operator on
both sides, we obtain equation (A69), since (1 — pL)Qﬁt = Qﬁt — pzﬂt_l = ﬁmg‘gt' [ |
Proof of Proposition 3 Lemma A2 implies that the unique (NPG-admissible) solution of the dynamic
system results in an ARIMA(1,1,1) process for the exchange rate and an ARIMA(1,1,0) process of the
NFA position of the country. Equivalently, the change in the exchange rate Ag; follows an ARMA(1,1)
with the AR root p and the MA root 1//3, while the change in the NFA Abj, ; follows an AR(1) process
with root p. Also note that the smaller is «, the larger is the response of ¢; and the smaller is the
response of by ; to the innovation &; of the financial shock ;. In light of (A57) and (A65), Lemma A2

implies Proposition 3. W

Proofs for Proposition 4 and 5 Next we discuss the properties of the equilibrium exchange rate dy-
namics, which in light of (A57) apply equally to both the nominal and the real exchange rate. Given

the solution (A69), we can now characterize the statistical properties of the exchange rate process:

1. Unconditional variance of Ag; can be calculated from (A69) as follows:

1 1+ B2 g2 268p 1 2
(I +7or5)2 (1 —Bp)2 °  (1+70k5)2 (1= Bp)? ©

%*The remaining explosive solutions feature lim;_, o 8F¢ 24,41 = 00, violating the No Ponzi Game Condition for b} .

2 2 2
JAq:p O'Aq"’
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where oiq = var(Ag¢+1). Solving for aqu, and for Uie using (A57) and (A65), we have:

2 = 1 1-28p+p> o2 amd 0%, = ! 1-28p+ 8% of
1T (tong)? (1= B 102 CTAEN? (L-Bp)? 1P
I+yorg

since we have 1 + 7\ =

1 PR
1+1—¢ T—2+

Noting that var(41) = 02/(1 — p?), we further have:

var(Aegy1) 1 1—28p+ 2 1 2

var(thi1) (1+9M)2 (1-8p)?2 p=1 (1+9\1)21—p’

which increases without bound as p — 1.

. Auto-covariance of Ag; can be similarly calculated using (A69) as:

1 8 B—p)(1-5
V(A A0) = P7 ~ (o (T g% ( = g)ﬂ(p v oA

The autocorrelation of the exchange rate changes (both nominal and real, in light of (A57)) is:

_ o _cov(Ag,Aq)  (B—p)(1 = Bp) 1)
PAe = PAq U2Aq 1— Q,BP n 62 A1 9

confirming claim 1 in Propositions 4.

. The variance of innovation of Agqyq is:

B\ 2
vary(Age1) = var(Ag1 — EiAqy) = (1 —8p) U+ ,;mc)z,
q

where we assume that the information set at time ¢ includes {¢:, 11, .. .,&¢t,€t-1,-..}. Since

Aey; equals Agy scaled by a constant, we further have:

Var(A€t+1 — EtAEtJrl) _ Var(Aqt+1 — EtAQtJrl) _ 52(1 — p2) 1+ P
var(Aeit1) var(Aqi+1) 1-28p+p2 g1 27

confirming claim 2 in Propositions 4.

Combining with the result in point 1 above, we have:

var(Aeip 1 — EgAepyr) 1 B2(1 — p?) 1 1+p
var(Yi41) (T+yM)* (1=B8p)* =1 (L+yM)? 1 —p
which tends to infinity with p — 1, confirming claim 3 in Propositions 4. |

. We now calculate the finite-sample autocorrelation of the real exchange rate in levels, that is the
coefficient from a regression of ¢; on ¢;—1 (with a constant) in a sample with 7" 4 1 observa-

tions. Even though the second moments are not well-defined in population, this finite sample
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correlation is well-defined. We have:

% Z;‘F:l(q): — @) (q—1 — Q) % Z;F:l Agrqi—1
T — T 5"
% Zt:l(q'f—l —q)? % Zt:1(‘h—1 —q)?

Note that the denominator is positive and finite for any finite 7', but diverges as T' — o0, since

=14+

ﬁq(T) =

¢ is an integrated process. The numerator, however, has a finite limit (assuming 3, p < 1, which

ensures stationarity of Ag,, and conditioning on the given initial value of the process qp):

T o)
1
plim = ; Agigi—1 = cov(Agr, qi—1) = Zl cov(Agqy, Agi—;)
= J:

_ cov(Agi, A1) _ B—p &

1—p (1=p)1=Bp) (L +onr5)*

where we used the fact that for process (A69) cov(Ag, Agi—j) = p’ Leov(Ag—j11, Agi—;) for
j > 1 and the expression for cov(Ag, Ag;—1) obtained above.

To summarize, this analysis implies that the finite sample autocorrelation of ¢;: (a) tends to 1
asymptotically as samples size increases; and (b) is smaller than 1 in large but finite samples,

provided that p < . This confirms the claims in Proposition 5. W

Interest rates and Carry trades Finally, we turn to the properties of the interest rates, which are
linked to consumption and prices by (A54). Substituting in the solution for consumption (A60) and

prices (A56), we arrive at:
. 2
iy — iy = — (U’Yﬁg - ﬁﬁ) EiAg1 = =y MEiAerg,

corresponding to (41) and with A; defined in (A65). In this analysis we assume that the parameter
restriction (A67) is satisfied, and A\; > 0.°° Combining the expression for interest rate differential with
the UIP condition (A52), we obtain expression (42) in the text.

Lastly, we define a Carry trade. Consider a trade strategy that invests x; = iy — i} — E;Aezyq in
the home bond and sells short x; units of foreign bond, including the case when z; < 0 (i.e., shorting
the home bond and investing in foreign bond in this case). We refer to this strategy as a Carry trade.
Note that this trade requires zero capital at ¢ and the intensity (exposure) of the trade is proportional to
its expected return, which from (A52) equals x; = ;. The return on this trade and the corresponding

(unconditional) Sharpe ratio are given by:

ré = xe(iy — iy — Aepyq) and SRC = Ltqu
t+1 = ¢ = .
std(rtqu)

There exists a parallel relationship in real terms (where 7 = i — E;Ap;41 denotes the real interest rate):

(A71)

Tt — 7‘: = O'Et{ACt+1 — ACI+1} = —"}/O'H; EtAqt+1,

with the negative sign independently of the parameter values.
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Proof of Proposition 8 First, consider the Fama regression of Ae;y; on i; — i;. From (26), it follows:

1
1+yA1—gp M

Aery1 = EAepyq +

since €441 is the only innovation relative to the information set of time ¢. Furthermore, from our

derivations above we have i; — if = —y\1[E;Ae11, and therefore, we can write the regression as:

Ly — iy e !
Aepyr = ———(ig — 1 ——— 41
A VI T VI TP e

Since &4 is aregression residual (i.e., E{e;11|i; — ¢} } = 0), the Fama regression coefficient is given by
BF = —7—}\1 < 0. The R? in this regression is given by the share of the predictable variation in Ae;y1,
since i; — i; absorbes the entire predictable component E;Ae; 1 (see Proposition 4 and its proof for

derivation of the variance share of the unpredictable component):

2 _ var(E;Aegyq) 1 var(Aepy1 — EAet) 1 B%(1 — p?) _ (1 - Bp)?
var(Aesi1) var(Aegi1) 1-28p+ 52 1—-28p+p2

Note that limg_,; R? = %, which tends to zero with p — 1. This proves claim (i).

Using the same arguments, we prove claim (ii):

var(Aep1) 1 var(Aeq) 11
var(iy — i) (yA1)? var(EiAeryr) (v 1)? R?

Since )1 is separated from zero when v > 0 and does not depend on § and p, the asymptotics of this
relative variances is the same as that of 1/R2, which goes to infinity as 3, p — 1.

Claim (iii) follows form the fact that pa. = corr(Ae;41, Ae;) — 0as 3, p — 1 (see Proposition 4),

YA1
14+~

Lastly, we make use of the definition of the Carry trade return rng and its Sharpe ratio SR®

while the persistence of i; — i} =

¢ equals p — 1.

in (A71), to prove claim (iv). In particular, we calculate the expected return and the variance of the

returns (using the fact that from (A52) we have i; — i} — Aeir1 = ¥ — (Aepr1 — ErAeitq)):

Erfyy = E{Ei{is — if — Aepir1}} = E¢f = var(iy) = o),
var(ri,,) = B(r{}1)” — (Br)? = E{¢7[¢r — (Aeryr — EiAer )} — o
=Ey +E {wfvart(AetH)} — af}b = 203, + Vart(AetH)U?/,,

where the last line uses the fact that var,(Ae;r1) = Ei{Aeiy1 — EAeiyq}? depends only on the
parameters and does not depend on v (i.e., the unexpected component of Ae; is homoskedastic; see
the proof of Proposition 4), the fact that E{¢} (Aes 1 —ErAerr 1)} = E{3E{Aeri1—EiAeri1}} =0,
and lastly that 1)} = 3(E1?)? = 302‘} under the additional assumption that €, is normally distribution

(in which case v is also normal). With this, we calculate:

¢ _ o _ 1L pa-A\ "
SRC = —(2+ - 5 :
\/20'3) + Vart(AetH)ai (1 + 'Y)\l) (1 B ﬁp)
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where we use the expression for var,(Aes11)/ ai from the proof of Proposition 4. Note that SR® — 0
as 3,p — 1,as Vart(A€t+1)/O'i — 00. [ |

A.5.1 Parameter restrictions

The primitive parameters (defined in Table 1) can take the following values:

« B €(0,1)and p € [0, 1], while the model admits solution as long as Sp < 1
e 0,0 >0andv >0
« v € [0,1/2] with v = 0 corresponding to autarky and v = 1/2 corresponding to no home bias
« a € [0,1) with @ = 0 corresponding to no strategic complementarities and complete pass-through
« ¢ €1]0,1) with ¢ = 0 corresponding to no intermediate inputs.
In addition, we impose the following sufficient parameter restrictions needed for certain results:

Assumption Al: o < 1/2.

A1 ensures positive correlation between RER and ToT (Proposition 6). Al is consistent with the range

of empirical estimates for the elasticity of strategic complementarities.

Assumption A2: 6 > 1/o.

Together with A1, A2 implies 206(1 — /) > 1, which is a sufficient condition for (A67), ensuring
that Ay > 0, i.e. that the nominal interest rate falls with expected deprecation (see (41); needed for
Proposition 8, and useful but not necessary in discussion of Proposition 3).°® Note that here 1/0 plays
the role of IES (elasticity of intertemporal substitution), rather than the income effect in the labor supply
(and therefore does not exclude GHH preferences). Empirically, # > 1 and 1/0 € (1/2,1), so this

sufficient condition is met with ease, and the necessary condition (A67) is even further lax.

1

Assumption A3: 6§ > % + 1= ﬁ

A3 is a sufficient condition for (A62), a variant of the Marshall-Lerner condition in our general equi-
librium model, which ensuring that A2 > 0 and 3™ > 0, i.e. that net export improves in response

to a devaluation (see (25); a useful but not necessary condition for discussion of Proposition 3). An
11

27—
dition (A62) is noticeably weaker, and in particular is relaxed when o > 0. In the limit of autarky

alternative necessary condition for (A62) can be written as 8 > [1 + 27%] . A necessary con-
(v = 0), 0 > 1/2 is both necessary and sufficient, corresponding to the classical Marshall-Lerner con-
dition. Since empirically § > 1 and ¢ ~ 1/2, A3 would be easily satisfied even for countries that are a

number of times more open than the United States.

%Condition A2 effectively ensures that nominal and real interest rates move in the same direction, i.e. the expected inflation
response does not more than offset the movement in the real interest rate.
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A.5.2 Quantitative properties and robustness

We now explore the robustness of our quantitative findings in the baseline model (with t; shocks only),
away from both limites v — 0 and 8p — 1, and with respect to departures from our baseline param-
eterization summarized in Table 1. The results are reported in Table A1, along with the benchmark
empirical moments. The robustness columns report only the moments that are sensitive to the changes
in the parameter values.

The robustness analysis suggests that the model requires a high p in order to capture the dynamic
properties of the exchange rates, as a lower p results in less persistent exchange rates and in more
predictable exchange rate changes. The quantitative success of the model also relies on home bias
(a low 7), as when ~ is doubled (corresponding to a 60% trade to GDP ratio), the model predicts a
considerably more volatile response of the real variables to the real exchange rate, in contrast with the
data. Having moderately low 6 and high « is also important for the fit of the model, while it is more
robust with respect to variation in other parameters, including risk aversion ¢ and Frisch elasticity
v (not reported in the table). Similarly, we check robustness with respect to ¢ = C'/(C' + G) and [
(average markup).

Note: in response to 1; shock, ¢; and ¢} are perfectly negatively correlated so that Ac; — Ac; =
2Ac;. Therefore, while Ac; — Acj is about three times less volatile than Ag;, Ac; alone is about
six times less volatile than Ag;. The in-sample Fama regression coefficient is —8 with huge variation
covering zero within two standard deviations. When ; is combined with other shocks, the median

coefficient becomes closer to zero, as in the data (see Table 2).

A.6 Market (in)completeness

We consider here the generalization of our framework to a version of a complete market environment
to assess the importance of a single internationally-traded bond assumption in the baseline model.
We make the following assumptions: Only the foreign-currency assets are traded internationally
and are the only types of assets held by foreign households. This assumption is for convenience of
exposition and is without loss of generality if there exists a full set of state-contingent foreign-currency

assets. We make the following assumptions about SDFs:

1. Foreign nominal SDF for foreign-currency assets: O}, | = Sexp{—(cAcf | + Apj )}
2. Home nominal SDF for home-currency assets: ©;1 = Sexp{—(cAci+1 + Apry1)}-

3. Home nominal SDF for foreign-currency assets:

&1
@HTEAQ“ = Bexp{AQi1 — 0Acii1 — Appy1 + Degya )
t
Hence, (; is an exogenous home preference shock for holding foreign currency assets at ¢, or alterna-
tively a shock to international risk sharing. It can also be viewed as a type of deviation from the joint

assumption of CRRA utility and complete markets (see e.g. Lustig and Verdelhan 2016).
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With a full set of state contingent foreign-currency assets, the risk-sharing condition becomes:

* gt 1 *
t1 = @t+17+eACt+1 o o(Acip1 — Aciyy) = Agivr + A,
t

which is equivalent to a static condition (in log deviations):
olct —cf) = qr+ G (A72)

Therefore, (; is the shock to/wedge in the Backus-Smith condition. We take equation (A72) as the
reduced-form characterization of this environment, which can be consistent with both complete mar-
kets, as well as specific types of deviations from complete markets.

In what follows, we allow for productivity shock a; and risk sharing shock (;, shutting down all
other shocks for simplicity. We also maintain the assumption of flexible wages and prices. Under
complete markets, the budget constraint is satisfied as a side-equations (due to state-contingent payoffs)
and does not affect the equilibrium dynamics. The equilibrium characterization simply combines the
risk-sharing condition (A72) with the goods and labor market clearing relationship (40), which remains

unchanged.®’” Together, they result in the solution for the real exchange rate:

OKg 1

— —a) - —— (4. A73
1+'yamq(at at) 1+'yanqct (A73)

qt

Therefore, in this complete market environment, the real exchange rate is driven directly by the con-
temporaneous shocks to productivity and to international risk sharing, and the persistence in these
shocks directly translates into persistence in ¢;.

Given the solution for equilibrium real exchange rate in (A73), the equilibrium nominal exchange

rate is characterized by (31), which also stays unchanged, and we reproduce it here as:

o= 1 o 2 | (G- ui) - - a)
and where the path of the nominal wage w; — wy is determined by the monetary policy.

The conclusion from this analysis is that the exchange rate disconnect properties of the baseline
one-bond model can be also obtained in this version of a complete-market environment, provided that
productivity (a; — aj) and monetary (w; — wy) shocks are small relative to a persistent risk-sharing
shock (;. Indeed, when (; is the only shock and it follows a persistent AR(1) process, the real and
nominal exchange rates will be perfectly correlated and will follow the same persistent process. Fur-
thermore, there will be analogous limiting disconnect properties for the macro variables. Consider for

example consumption, which we solve for by combining (A72) with (A73):

OKq

_ YO Ky R
1+ y0okg '

(at_at)+m t

o(ct —¢;)

’Recall that in the absence of markup shocks, this condition implicitly assumes flexible prices and wages, an assumption
we maintain throughout this appendix. With nominal rigidities, the equilibrium real exchange rate would be additionally
influenced by the implied markup shocks arising from sticky prices and wages.
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We see that (; shock generates the Backus-Smith negative correlation between c¢; — ¢ and ¢;, and the
volatility of consumption is arbitrary small relative to the real exchange rate when the economy is
closed to international trade (y — 0). Therefore, we can prove equivalents of Propositions 1-2 and 5-8
in the complete market environment as well. To summarize, market incompleteness in the specific
form of a single internationally-traded bond is not necessary for our exchange rate disconnect results,
however, a shock (; to the risk-sharing condition is, and it can emerge due to a variety of reasons, such

as risk premia, financial frictions, limits to arbitrage, or market incompleteness.

Relationship to the baseline model Under incomplete markets with a single risk-free foreign nominal

bond traded internationally, the optimal risk sharing results in the (log-linearized) UIP condition:®3

iy — iy = EAeirr + 9y, where Py = EyAG1.

Therefore, the shock ¢, in our baseline model is equivalent to the expect change in the SDF shock (;,
as the martingale disturbances to the SDF (with E;A{;+1 = 0) wash out in the linearized model.
We consider now two special cases:
1. (; follows an AR(1): ¢; = pCi—1 + €. Then ¢, = E.AG = —(1 — p)¢; also follows an AR(1) with
persistence p, and vy and (; are negatively correlated. In the limit of p — 1, ¥y becomes both

more persistent and less volatile, with var(;) — 0 holding var(e;) constant.

2. A(; follows an AR(1): A = pAli—1 + €4 Then: ¢y = E;A11 = pA( also follows an AR(1)
with persistence p, yet now 1 and (; are positively correlated. The variance of the 1); process
goes to zero with p — 0.
We consider the first case as our benchmark, with p < 1 but in the neighborhood of 1. Note that a
persistent 1) requires a persistent (;, which however does not need to be integrated.

In the baseline model, equilibrium real exchange rate follows a dynamic process (A69) in Lemma A2,
which differs markedly from the simple static relationship of ¢; to shocks in (A73). The reason is that the
RER in a single-bond economy not only needs to clear markets statically, but also ensures the dynamic
intertemporal budget constraint, which is not relevant for equilibrium dynamics in a complete market

environments.

A.7 Relationship to Engel and West (2005)

Consider a simple monetary model extension with an interest-elastic money demand:
my — Py = 0Ct — Xit, (A74)

and an exogenous stochastic money supply process m;. This model corresponds to one of the special
cases considered in Engel and West (2005), and their other special case with a Taylor rule admits a
similar characterization (omitted here for brevity). We shut down all sources of shocks apart from a

productivity shock ay, a financial shock 1, (or (;) and a monetary shock m;.

%This derives from a log linear approximation to i, = —log E:07,; = —log E; {®t+1 521 eAstt }
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Partial equilibrium solution of Engel and West (2005) combines the UIP condition (22) with money
demand (A74) in both countries and the definition of the real exchange rate (29) to obtain the equilib-

rium dynamic expression for the nominal exchange rate as a function of fundamentals:

er = 0Eer 1 + 0 + (1 —0) fy, where fi=q + (mi—m;)—o(c; —¢f) and 0= ﬁ
The forward solution to this equation, after imposing a no-bubble condition for the nominal exchange,
is given by:
0 . e .
et =06 0Bubraj+ (1—0)> 6B fray, (A75)
j=0 j=0

which admits the Engel and West (2005) structure. This solution expresses the nominal exchange rate
as a net present value of future fundamentals, both exogenous shocks like ¢; and endogenous variables
like consumption ¢;. In general equilibrium, however, other equilibrium conditions impose cointegra-

tion between v; and f;, resulting in a solution that may look different from (A75), as we now discuss.

General equilibrium solution for nominal exchange rate combines the definition of RER (29), the
money demand (A74), the UIP condition (22) and the risk-sharing condition (39):

et =q+pt—p;
=q+ (me —my) —oler — cf) + x(ir — iy)
=g+ (my —m;) —o(c — &) + x (BeAerr + Ee{o(Aciy1 — ¢fpq) — Ager}) -

After rearranging:
(1 =0L) et — g +o(ee — )] = (1 = 8)(me —my),

where still 6 = x/(1 + x) and L is the lag operator, we solve forward:

o0

et =qr—o(ce— )+ (1=0) Y FEe{mer; —myy;}.
§=0

Lastly, substitute in the solution for consumption (40) to obtain:

00
et = (1 +vyokq)qe — okalar — af) + (1 —0) ZéjEt{mt+j — Myt (A76)
j=0

which yields a relationship between nominal and real exchange rates and exogenous shocks. This
relationship does not depend on whether markets are complete or incomplete (in the sense of Ap-

pendix A.6), as we only used equilibrium conditions ((22) and (39)) that hold under both cases.®
The solution for real exchange rate in general equilibrium does not depend on monetary shocks
(due to flexible prices), and is given either by (A69) in a single-bond economy following the steps in

Appendix A.5 or by (A73) under complete markets. Combining these solutions with (A76) we obtain

% Another relationship between nominal and real exchange rate (31) also holds in equilibrium, and combining the two, one
obtains the solution for the equilibrium relative nominal wages w; — wj .
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the expression for nominal exchange rate as a function of exogenous shocks. Consider, for example,

the complete market environment of Appendix A.6, in which case we have:

o0
et =—G+(1—08)>  Bifmiy; —miy;}.
j=0
Contrast this solution with the partial equilibrium relationship (A75). Analogously, one can analyze

our baseline case in a single-bond economy, where ¢; follows an ARIMA(1,1,1) of Lemma A3.

Summary Engel and West (2005) offer a partial equilibrium characterization of the nominal exchange
rate (which clears only a subset of markets, e.g. bond and money markets), expressing it as a function
of future endogenous and exogenous fundaments. This characterization applies in our model, yet the
general equilibrium nature of our model imposes additional cointegration relationships on the endoge-
nous fundamentals, which need to be taken into account in characterizing the equilibrium exchange
rate behavior. For example, Engel-West solution (A75) suggests that expectation of future consumption,
real exchange rate and risk sharing shocks should impact today’s value of the nominal exchange rate.
In contrast, the general equilibrium solution (A76) shows that only the contemporaneous realizations
of the real exchange rate and productivity matter for the nominal exchange rate, while the only future
fundamentals that matter for the nominal exchange rate are monetary shocks.

Furthermore, the partial equilibrium and general equilibrium focus also leads to different conclu-
sions about the role of the parameters that matter for the persistence of the exchange rate. In particular,
Engel and West (2005) emphasize d, which may arise either from the interest elasticity of money de-
mand x or from the Taylor rule parameter, with the limit 6 — 1 resulting in a near-random-walk
behavior for the nominal exchange rate, for a wide range of values of other parameters. In our general
equilibrium solution (A76), d plays no role for the real exchange rate and a limited role for nominal ex-
change rate, provided that money demand shocks are not the key drivers of the nominal exchange rate
(as Proposition 1 suggests, otherwise resulting in a PPP puzzle). This property is due to the endogenous
equilibrium cointegration between future risk premium shocks, real exchange rate and consumption,
making them disappear from the right-hand side of (A75), making ¢ inessential for the transmission
of these shocks. Instead, in our baseline single-bond model, the process for the exchange rate depends

crucially on the time discount factor 3 (naturally close to 1), as emphasized in Propositions 3 and 4.7

A.8 Productivity shocks and the Backus-Smith puzzle

We consider here alternative mechanisms, which can resolve the Backus-Smith puzzle in a bond-only
economy subject exclusively to productivity shocks, following much of the literature (in particular,
Corsetti, Dedola, and Leduc 2008). Using the static equilibrium relationship (40), we can express the

Backus-Smith correlation as:

cov(Acy — Act, Aqy) std(Aa; — Aaj)

var(Aq;) — flalayq std(Agqy) ~ T

"Both Engel and West (2005) and our solution rely on a persistent shock to obtain a near-random walk behavior for the
exchange rate.
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where 0,4 = corr(Aa; — Aaj, Ag). The puzzle persists as the typical calibrations imply g, 4 > 0
and v = 0, resulting in the counterfactually positive correlation between relative consumption growth
and real exchange rate depreciation. The two mechanism we discuss below either make 0, , < 0, or
increase std(Ag;)/std(Aa; — Aajf) to obtain the empirical negative correlation.

In addition to (40), the two dynamic equilibrium conditions are the risk sharing condition (39) and
the budget constraint (analog of (25)), which we reproduce here altogether as the special case of the

equilibrium system in Appendix A.3.2 with productivity shocks only:

¢t — ¢ = Kalay — a;) — Ykqqt, (40)
Ei{o(Acttr — Aciyy) — Ager} =0, (39)
Bbiy — by = nze =y [Agq — Aalar — af)], (25)

Further, for simplicity, we consider the case with ¢ = 0, { = ¢ = 1 and v = 0, and the results generalize

immediately beyond this special case. In this case, the coefficients in the system above are given by:

1 _40(1 —a)(1 —7)

kg 1-2(1—-7)c
Kq = -
1—2y’ ! 1-2y)2% 7

Ng = 2
9 1—2y

Two noteworthy features of this system are:

1. Both coefficients v\, and v\, tend towards zero with v — 0, while this is the case only for
kg, and not for k.. This suggests that the direct effect of productivity on consumption will tend
to dominate the expenditure switching effect, when ~ is small (that is, economy is sufficiently
closed). This constitutes the key challenge for the productivity-based models in obtaining the

empirical Backus-Smith correlation.
2. Coefficients K4, kq, Ag > 0, while A\, > 0 iff a version of the Marshal-Lerner condition holds:

11-291-2(1 —7v)a

0> —
21—~ l—a

for which Assumption A3 in Appendix A.5.1 is a sufficient condition.

The fact that A\, can flip sign (when 6 is sufficiently low) is one path towards a resolution of the Backus-
Smith puzzle. The other possibility relies on reducing the volatility of innovation to productivity (mak-
ing kq(a; — aj) small in (40)), while simultaneously increasing its persistence (to increase the response

of g; and hence the term ~x,4q; in (40)). We consider these two possibilities in turn.

Low elasticity of substitution For simplicity we focus here on the case of a random walk process for
productivity, and results generalize outside this case. With A(a; — a}) = &f, the combination of (39')
and (40) results in E;Aq,y; = 0. Intuitively, in response to a permanent shift in productivity, the
real exchange rate also shifts permanently. Given a random walk path for both ¢; and (a; — aj), the
intertemporal budget constraint holds only if A\qq;: — As(a: — af) = 0. Therefore, the real exchange
rate depreciates with a positive productivity shock iff the Marshal-Lerner condition is satisfied, but it
appreciates otherwise. Intuitively, an increase in consumption and import demand from a productivity

shock must be offset by an increase in exports, which requires a depreciation iff the Marshal-Lerner
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condition holds, and vice versa. Combining this relationship between ¢; and (a; — a; ) with the solution

for consumption, we arrive at:

o —cf = {1}27 [29(1;2%177) —1—-201- ,},)a]} _ %‘ﬂq} G-

Therefore, the violation of the Marshal-Lerner condition is sufficient for the negative correlation be-
tween ¢; — ¢f and ¢y, but the necessary condition is weaker and is given by:
1 1 1-2(1—79)a

0 < =
<21—7 11—«

With v = 0.28 (four times that of the US) and o = 0, this requires § < 0.7. For smaller ~ and larger «,

this requirement becomes considerably more strict (e.g., for our baseline values of o and 7, § < 0.25).

Persistent productivity shocks Here we assume that the Marshal-Lerner condition is satisfied and

A¢ > 0, and instead consider a case with a persistent process for relative productivity growth rates:
Aa; = poAag—1 + €5,

where a; = (a; — a})/2 and p, € [0,1).”! Combining (39’) and (40), we have in this case:

20K,

20KqPq

EiAqii1 = EiAai41 =

1+ yokg 1+ yokg

Therefore, a positive productivity growth shock results in an expected appreciation. Combining this
with the flow budget constraint, we have a system of dynamic equations, which we solve again using
the Blanchard-Kahn method (as in Lemma A2):"2

_ 5‘ - Bpa/% ~ (5‘ - "%)pa ~
Agiyr = = Ap. (Aat+l N Bouk Aay |,

20Kq
1+vyokKg

(making use of (40)):

where & = and \ = 2)\, /Aq. With this solution, we can calculate the Backus-Smith covariance

cov(Acy — Ac, Aqy) cov(Aay, Agy)

var(Aqy) — “ha var(Aqy) T
_ (1 - Bpa)[j‘(l B pZ) B ’%pa(ﬁi pa)] _
AL = pa) + &pa(l = B)]? + pa(2 = pa)(A — &)(A — #Bpa)

"'The results in the stationary AR(1) case are qualitatively similar to the random walk limit with pq,.
To apply the Blanchard-Kahn method, we rewrite the system in matrix form as:

qt+1 . 1 0 qt RpaAag
= (0 )= () (8= (75 )

where by = b} /(7Aq), and look for the unique stationary solution associated with the explosive root 1/43. Note that the
coefficients do not depend on p,, which facilitates taking the limits below. Note that, given the productivity process, the RER
equilibrium process is still an ARIMA(1,1,1), as in Lemma A2, yet with a different MA root.

= 2Kq — YKy
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Around p, =~ 0 (random walk), the Marshal-Lerner condition is sufficient to ensure that this expression
is positive (corresponding to the case we considered earlier). However, as p, increases, this equation
switches sign to negative, as in the limit Sp, — 1, var(Ag;)/var(Aa;) — oo. This is an intuitive
result: as productivity growth shocks become very persistent, the contemporaneous improvement in
productivity is small relative to the cumulative expected improvement, and the RER responds to the
cumulative expectation. Therefore, tiny shocks to current productivity act like news shocks about fu-
ture productivity, and trigger large RER movements. Under these circumstances, indirect expenditure
switching effect of RER on consumption can dominate the direct contemporaneous productivity ef-
fect in (40). Long-run risk shocks in Colacito and Croce (2013) operate in a similar way, yet have an
additional risk premia effects in (39). Lastly, we point out that persistent growth rate shocks are not
necessary per se, as persistent effects to output growth can be obtained from endogenous amplification,

such as capital accumulation in Corsetti, Dedola, and Leduc (2008).

A.9 Monetary model with nominal rigidities (Section 4.1)

We outline the details of the monetary model, adopting a general enough setup to nest several exten-
sions as special cases. In particular, we allow for both nominal wage and price rigidities. As before, we

focus on Home and symmetric relationships hold in Foreign.

Households Consider a standard New Keynesian two country model in a cashless limit, as described
in Gali (2008). In particular, the aggregate labor input is a CES aggregate of individual varieties with

elasticity of substitution €, which results in labor demand:

W) ™ e N N
L= (W ) Ly, where L;= </ Ly di) and W; = (/ Wit_fdi> ,
t

and the rest of the model production structure is unchanged. The first order conditions of the household

optimization result in the New Keynesian IS curve and the UIP condition:

B {0AG 41 + APrir} = ir, (A77)
Er A& = 2ip — 1, (AT78)

where as before we use notation #; = § (z; — 7).
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:
- cy’ K€
— € = 1 - €
B S (5 WL (W S pezniiwi) <o,
s=t s

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

1B

1 € N
Wt = <O’Ct + *gt + pt + wt> + B)\wEtthrl,
1+¢/v v v
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where w; denotes log deviation from the steady state of the wage rate reset at . Note that the wage
inflation can be expressed as 7}’ = Aw; = (1 — \y) (W — wy—1). Aggregate wages using these equal-

ities and express the wage process in terms of cross-country differences to obtain the NKPC for wages:
- - - ol
[1+ B+ ky]wy — BE141 — W1 = ku |0C + ;ft + Dt (A79)

(1=BAw)(1=Aw)

where k,, = N (Le/0)

Firms Assume that firms set prices a la Calvo with probability of changing price next period equal
1—Ap. There are two Phillips curves, one for domestic sales p; and one for export py;,. The first order

conditions for reset prices in log-linearized form are

Pre = (1= BAp) B (BN [(1 = a) (—a; + (1 = ¢) wj + ¢p;) + apj],
j=t

Pt = (1= BA) B (B2) ™ [(1 = ) (= + (1= @) wy + 6p; — ;) + ap]] -

The law of motion for home prices and the resulting NKPC are then:
1-X
Ap

[1+ B+kp (v + (1= a) (1 =) (1 = 9)) |par — BEepre1 — Prr—a
=kp (1 =) [=a; + (1 = @) wi] = kpy [1 = (1 = @) (1 = 9)] Py

THt = (1 - )‘p) (ﬁHt - th—l) = (ﬁHt - PHt) )

where k), = % On the other hand, the law of motion for export prices depends on currency

of invoicing. Assuming LCP one obtains

* A~ * 1—A Ak *
T = (1 — Ap) (th - th—l) = N £ (Dre — Phe) 5
P

[1 + B+kp (1-ay+v¢(1—a)) ]ﬁ?{t - 5Et]5?{t+1 —DHi1
=kpy(1 =) [—ar+ (1 — @)W —ee] — kp (1 =) [ = (1 — @) @] P,

In case of PCP the law of motion of price index and NKPC are

1N
= N
[1 + B+kp (1 —ay +y¢ (1 —a)) ] (Pht +et) — BEt{]ﬁItH +etr1) — (ﬁ*Ht—l + etfl)

=kp (1 —a)[~a+ (1 =) w] + kp[a(l =) +7¢ (1 — )] er — kp (1 = 7) [a = (1 — @) ¢] P

e = (1 — )‘p) (ﬁ?{t _qut—l) — Mpley (Pht — Pre) — Aey,

Government policy and shocks We assume that Central Bank conducts active monetary policy, while

the government chooses the fiscal policy (taxes) passively to balance the budget. The monetary policy
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is represented by a standard Taylor rule:
Ut = Pmit—1 + (1 - pm) [67r77t + 5yyt] + E;n’ (ASO)

where 0, is a coefficient on the output gap, which in the baseline case was absent (i.e., 6, = 0). The
Taylor rules are symmetric in both countries. In the case with exchange rate peg (Table 4), we check
robustness with asymmetric Taylor rules, where one country follows a conventional Taylor rule (43),
while the other pegs its exchange rate according to (44).

We allow persistence of the interest rate to be different from the autocorrelation of other shocks,

which in addition to the 1, shock in (23) also include foreign-good demand and productivity shocks:

& = p&—1 + €, (A81)
ar = pai—1 + €. (A82)

Market clearing The last dynamic equation is the country’s budget constraint:

By = b; +2 (D + Upe) + €, (A83)

where b is the net foreign asset position of the Home country. The static part of the model is repre-

sented by labor demand and goods market equilibrium conditions:

Oy =G — g+ ¢ (1 — ) Prre — YDy — W) (A84)

Jme = —v& — 0y (B + Bip) + (1 — @) & + ¢ (1 — @) (W — Br) — @ + i) (A85)
Jire = — e — & — 0 (Pre + Diye) (A86)

G = (1 =) Jue + Viire (A87)

The numbered equations above define the system that describes the equilibrium dynamics of the model.

Robustness All baseline parameters are as described in the main text and we set the elasticity of
substitution between different types of labor to € = 4. Table A3 presents the results from alternative
monetary models with multiple shocks, which can be compared to the baseline multi-shock mone-
tary model in column 5 of Table 2. In particular, we consider the following alternative specifications,

adjusting one feature of the model at a time relative to the baseline:

1. Flexible wages (A, = 0): no noticeable difference

2. Flexible prices (\, = 0): the volatility and correlation of terms of trade and real exchange rate
relative to the nominal exchange rate deteriorate somewhat, volatility of consumption goes up,

and the role of monetary shocks is larger.

3. Lower persistence in the Taylor rule (p,,, = 0.8): Fama coefficient becomes positive, interest rates

become more volatile and less persistent.

4. Expected inflation (E;m;11) instead of 7, in the Taylor rule (43): no noticeable differences.
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5. Positive weight on output gap in the Taylor rule (J, = 0.2): no noticeable differences.

6. PCP stickiness instead of LCP (with the same )\, = 0.75): correlation between RER and ToT

becomes approximately +1 instead of —1, with few other differences.

In each case, we recalibrate the relative volatilities of the shocks (reported in the last two lines of Ta-

ble A3) to still match the correlations between consumption and net exports and the real exchange rate.

Table A3: Monetary model: robustness
)\w =0 )\p =0 Pm — 0.8 ]Et7l't+1 5y =0.2 PCP

(1) (2) 3) 4) ©) (6)
p (Ae) —0.03 —0.02 —0.04 —0.03 —0.02 —0.02
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09)
p(q) 0.92 0.94 0.93 0.92 0.92 0.94
(0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
o(Ag) 0.99 0.75 0.98 0.98 0.97 0.85
a(Ae) (0.01) (0.00) (0.00) (0.00) (0.01) (0.01)
corr (Ae, Aq) 1.00 1.00 1.00 1.00 1.00 1.00
G 0.16 0.38 0.30 0.17 0.23 0.31
a(Aq) (0.01) (0.03) (0.03) (0.02) (0.02) (0.03)
corr (Ac — Ac*, Aq) —0.20 —0.20 —0.20 —0.20 —0.20 —0.20
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09)
g(fnz) 0.28 0.42 0.31 0.31 0.23 0.42
a(Aq) (0.03) (0.04) (0.03) (0.03) (0.02) (0.04)
corr (Anz, Aq) —0.00 0.00 —0.00 —0.00 —0.00 —0.00
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09)
2(2e) 0.79 0.22 0.81 0.80 0.80 0.85
a(Ae) (0.01) (0.00) (0.01) (0.01) (0.01) (0.01)
corr (As, Aq) —0.92 1.00 —0.93 —0.93 —0.92 0.97
(0.02) (0.00) (0.02) (0.02) (0.02) (0-01)
Fama [ —0.6 —-0.0 0.4 —0.8 —2.4 —0.1
(1.5) (1.1) (0.5) (1.6) (2.7) (1.2)
Fama R? 0.00 0.00 0.01 0.00 0.01 0.00
(0-01) (0.01) (0.02) (0.01) (0.02) (0.01)
olizi) 0.06 0.08 0.16 0.06 0.05 0.08
a(Ae) (0.02) (0.02) (0.03) (0.02) (0.02) (0.02)
p(i—1i%) 0.91 0.88 0.81 0.92 0.96 0.90
(0.05) (0.05) (0.06) (0.04) (0.02) (0.05)
Sharpe Ratio 0.17 0.16 0.19 0.17 0.19 0.16
(0.06) (0.06) (0.06) (0.06) (0.06) (0.07)
Decomposition of var(Ae;y1):
Monetary shock, £} 8% 29% 19% 8% 1% 21%
Foreign-good shocks, &; 23% 20% 21% 19% 39% 24%
Financial shocks, 1; 69% 51% 60% 73% 60% 55%
Calibrated variances of the shocks:
Om/0c 0.31 0.64 1.07 0.27 0.1 0.51
vyoe/oe 2.6 3.1 2.3 2.7 1.8 3.5

Note: The table reports moments as in Table 2 for six alternative specifications of the multi-shock monetary model, as
explained in the text. The lower panels report the variances decomposition for the nominal exchange rate into the con-
tribution of the shocks (as in Table 3) and the calibrated relative volatilities of the shocks, which are adjusted to match
corr(Ac — Ac*, Ag) = —0.20 and corr(Anz, Ag) = 0.00 (see footnote 37).
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A.10 A model with a financial sector (Section 4.2)

This appendix provides the details for the model of Section 4.2. We discuss here the equations that
change relative to the baseline model summarized in Appendix A.3. This concerns only the blocks 5 and
6, namely the Euler equations and the budget constraints, and additionally it involves the equilibrium
(market clearing) conditions for the financial intermediation sector.

We start with the home, which now has the following consolidated budget constraint:
Bt+1 - Rt—lBt = NXt, where NXt = gtPIiItYI;t - PFtYFt = PHtYHt + gtPI*{tY;It - PtCt

Since home households can trade only the home currency bond, their intertemporal optimization is

characterized by a single Euler equation:

Cir1\ ° P
RtEt®t+1 = 1, where @t+1 = 5 .
Ct P
The log linearization of these two conditions results in:
Bbiy1 — by = nay, (A88)

it = Eg{oAcir1 — Apiy},

both equations exactly as before.”® Given that the static relationship in the model are unchanged, we
still have as in (25) that nx; = yAse; with Ao defined in (A66).

The foreign households differ only in that the profits and losses of the noise traders and arbitrageurs
are transferred to them, but that constitutes a second order term, which vanishes in the log linearization.

Specifically, we have the two parallel equations for foreign:

* * * * D, * * D, * Er
Y1 — R Bf = NX; + R,(N; + D}), R,=R/_,— Rt_lfg—tl,
% —0 P*
R*Et@* L= 1’ @* L= /6 ( t-:l) *t )
t t+ t+ Ct Pt+1

The log-linearization of the former results in 3b}, | — bj = nxy, since in steady state both R = 0and
N* = D* = 0, and hence the transfer term is second order. Also note that this log-linearized equation
is equivalent to (A88), since by definition N X = —&; N X; and from market clearing B} | = —& By 11
(see below), and hence we drop it from the equilibrium system (Walras law). The log linearization of

the second conditions is, as before:
iy = Et{ACIﬂ - AP:+1}-

Finally, we turn to the financial market clearing By 1+ Ny 1+D; 11 = O and BZ‘_H + Nt*-s—l + D;fk—&-l =0.
These conditions imply that, given that noise traders and arbitrageurs both hold zero-capital positions

(Nyr1 = —&N} ; and Dy = =& Dy, 1), the net foreign assets of foreign equal the net foreign liabil-
t+1 t+1 g gneq g

"There is a slight change in notation to b;41 = RBy41/Y from b}, = B;,,/Y, since previously the NFA of home was
in foreign-currency bonds (while now it is in home-currency bonds), and B}, ; used to denote the nominal value of the bond.
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ities of home: & B}, | = —By1. Therefore, in light of the exogenous demand of noise traders (45) and

optimal demand of the arbitrageurs (46), we have the following market clearing condition:

% :n(ewt _1) —i-m%-
& w vary(Ryy1)

Using the fact that

5 R, & -
Rip = Rf (1 - tt) = R} (1 — e”_’t—AezH) ’

]Et{]. o eit—iz‘—AetJrl }

w vary (1 — eii_ii_AefH) '

Using the facts that in steady state R* = 1/, =1, B =0,9% = 0and i — i* — Ae = 0, we obtain

the approximation:”*

_ n m
t+1 ﬁ¢t wag( t— 1 tet+1),
where by = % = % and 02 = vary(Aesy 1), which after rearranging results in the UIP

condition (47) in the text, reproduced here as:
ig — iy — EyAer1 = X190 — x2bey1, (A89)

where

__n/B _ Y
A By )
Now combing (A88) and (A89) together with the static equilibrium relationships of net exports and
nominal interests with the exchange rate (which are unchanged, and as derived in Appendix A.3.2), we

obtain the dynamic equilibrium system:

X1 X2
EjAepy = —— 4 —X2 A90
IANCH 1+7)\11/)t e t+1 (A90)
Bbry1 — by = yAaey, (A91)

where we again assume that the exogenous shock follows an AR(1):
Ve = pyr—1 + &, ey ~ 1id(0,02). (A92)

Note that this system takes the one in the baseline model as a special case as x2 — 0, and it generalizes
it by allowing for x2 > 0. Note also the additional complication that the 1, x2 coefficients depend
on the equilibrium volatility of the nominal exchange rate innovations, which needs to be taken into
account in the solution.

We now prove a generalization of Lemma A2 in Appendix A.5 for the model’s extension with a

™This can be viewed as a log-linear approximation under an asymptotics where o2 is first order in the size of the shocks,
as for example can be the case when the number of arbitrageurs m decreases with the volatility of the shocks.
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financial sector:

Lemma A3 (a) The unique non-explosive solution to the dynamic system (A90)—-(A92) is given by:

1
(1-GL)ery1 = T 1 _/Bélﬁp (1= B87'L) x1¢41, (A93)
(1= GL)by1 = A2 ‘1 X1%t, (A94)

1+yA\1—=5¢Gp

where (1 € (0,1] and (3 — 1 as x2 — 0.

(b) There exists a cutoff d > 0, such that for i e

ﬁ = < d, the only equilibrium has 0% = x1 =

x2 = 0, while for mmgf > d there also exists an equilibrium with o. > 0 and 6(mg‘c’é/m) > 0.
Proof: We define the following normalized variables: 12),5 = 1)_(:;!1/{1 and 3t+1 =B j’gl. Then we can

rewrite (A90)-(A91) in the matrix form as:

Eiert1 _a e n —y A= IL+r k/p

b1 by 0 ) 1o1g )
— yA2x2/B
- 149\

(1+k—=G)(1/B—¢()—k/B =0, and are given by:

where & > 0 with Kk — 0 iff xo — 0. The two eigenvalues of A are the solutions of

(1+m+%)¢\/(1+m+§)2—%
2

G2 =

with the property that 0 < ¢; < 1 and % < (o < oo, with the two equalities obtaining iff k — 0
(i.e., x2 — 0). Furthermore, the Vieta’s formulas imply (1(o = 1/ and (1 + (2 = 1 + k + 1/3, which
we conveniently use below.

The left eigenvector of A associated with (s > liswvy = [(Cg — %) , %] . Therefore, the cointegration
relationship between the variables is (see proof of Lemma A2):

K/B - 1 .
+ b =
€t C2 — % t CQ — p@bt,

or equivalently using the Vieta’s formulas:

er + ;(1 — BG)b = 1?;21%)1[%7

Combining with the second equation of the system, this yields the solution for Bt+11

BG

. 1. .
b1 = Ebt +er = Qb + 1= 5(1,0%.

Together with the definitions of Bt+1 and 12)15, this yields the solution in Lemma A3. Since v; follows an
AR(1), bs41 follows an AR(2) with roots {1 and p.
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Figure A6: Equilibrium exchange rate volatility

Note: The figure illustrates the three equilibria (black dots), which exist for d = m e > d. When d < d, the only

equilibrium is 0. = 0. As Bp — 1, the red convex curve (2(o.) — p starts at the origin, and the two left equilibria coincide.

Next we combine this solution with the cointegration relationship to obtain:

1 “ N A 1 -
(0 =GBJess = =50 -30) 0 =D = Ly = o (= )
_l—ﬁélpw"

and therefore e, follows an ARMA(2,1) with AR roots (; and p and an MA root 1/4.

Note that as xo — 0, we have k — 0, (; — 1 and (o — 1/, and therefore the stationary
solutions AR(2) and ARMA(2,1) become integrated solutions of Lemma A2, namely ARIMA(1,1,0) and
ARIMA(1,1,1).

Lastly, we characterize the equilibrium volatility of the innovation of the nominal exchange rate.
We have:

- CoBa N 1N B,

where we used Vieta’s formula and the definitions of @t as function of the primitive )y with innovation

€; with variance O'g. Note that (> also depends on O'g through x2, which determines «:

1 1\2 4 _
C:(1+/€+5)+\/(1+/€+g) — 3 Rzy)\g)@/ﬁ N :chU2
2 2 ’ 1+9\ 27 T e

Since (o — 1/8 as 0. — 0, (A95) always has a root o, = 0. Denote

1 NWo .
d= > 0.
B(l+~A) m —

There exists a d > 0 such that if d < cz then o, = 0 is the only solution of (A95). For d > cz (A95) has
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two non-zero solution, which satisfy:
(o—p=d-oe.

This is because (3 — 1/ as 0. — 0 and (3 is convex in o for o, > 0, and d is the unique value at
which do, and (5 — p are tangent (see Figure A6). One of these two solutions has the property that
0o./dd > 0, and we select this solution as economically meaningful. One can rationalize this solution
as stable by introducing explicit dynamics of entrepreneur’s entry. More importantly, this solution
becomes the unique non-zero solution of (A95) in the limit Sp — 1, as in this limit ({2 — p)|s.=0 — 0,

hence d — 0 and the other non-zero root merges with o, = O root. W
Proof of Proposition 9 follows directly from Lemma A3. W

Figure 2 plots impulse responses of the nominal exchange rate e;1; to the innovation in ¢; — 7; for
j > 0 obtained from a model with a financial sector, both its single-v;-shock version and the multi-
shock version describe in Section 4.2. For the single shock case, we construct this impulse response

s 8%;”' / 8(%7::), where ¢, is the innovation of the 1, process (23), the only source of innovations in
this version of the model. Given the closed-form solutions for both the nominal exchange rate and the
interest rate differential, this impulse response is analytical. In fact, since (42) still holds in this model,

0(ie—if) v\
we have e

and therefore the impulse response of the exchange rate to the innovation in

= Ta

the interest rate is simply the impulse response of exchange rate to £, as characterized by (48), scalled
A1

by T+yAr-

Next, consider the multi-shock version. In this case, the innovation to 7; — iy comes from a combi-

nation of shocks, and we define the impulse response as follows:

e 8et+ lt —1 )
TRF{", = ; “oe
=i Zze{w,a,f} Oe? / Zze{zp,as} o 7

where z indexes the shocks (v, ay, &), €7 is the innovation of respective shock, and o2 is its vari-

ance. Therefore, the standard-deviation-weighted response of i; — ¢} to the innovations in the model.
We calculate this impulse response numerically, by simulating (i; — i) and the time path {e;1;};>0
10,000 times for random draws of {¢f}.c(y,qa,¢} With all other innovations set to zero, and taking

. e i . . . .
med1an<i1t_—+j*) across this simulations for each j > 0.
L t

Figure 3 The empirical impulse response functions in Figure 3 are calculated following closely Engel
(2016) and Valchev (2016). The data used is for US vs trade-weighted average of Canada, France, Ger-
many, Italy, Japan and UK, using monthly data from 1979:06 to 2009:10 provided by Engel (2016). As a
result, the empirical impulse response in Figure 3a reproduces exactly that in Figure 2 of Engel (2016),
while the empirical impulse response in Figure 3b differs slightly from that in Figure 2 in Valchev (2016)
due to the difference in the dataset, yet the results are consistent qualitatively. The same procedures
are applied to calculating impulse response in the model-generated data.

The impulse response in Figure 3a plots d; for j > 1, which are obtained as coefficients from the
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Figure A7: Impulse response of p,; to iy — i}

Note: this Figure complements Figure 3a, and plots the impulse response for the ex post realized UIP deviations p;y; =
Tt4j—1 — 94451 — Aerrj, instead of B¢ p¢ 1 5, reproducing Figure 4 in Engel (2016), as described below.

regression:

Biprrj = G+ 0;(ie — 17) + wej,
where pryj = it j—1 — iy, ;1 — Aetyj is the ex post one-period UIP deviation (risk premium) at ¢ + j
and its conditional expectation [E;p;; is constructed using a VEC model for nominal exchange rate,
price differential and nominal interest rate differential between countries, as described in detail in Engel
(2016). In Figure A7 we plot a similar impulse for realized UIP deviations p;j, that is obtained from

the following regression:
prrg = G+ 0(ie — i}) + sy,

as in Figure 4 in Engel (2016). The impulse response in Figure 3b plots d; for j > 0 from:
ey — € = GG+ 0;(ir — i) + us,

where dp = 0 by construction.

Additional moments Table A2 reports two correlations — corr (e, iy — i} ) and corr(Aey, Aiy — Aif)
— calculated both in the data (provided in Engel 2016, as descried above) and for different model spec-

ifications. In the data, both correlations are mildly negative. We consider four model specifications:

(1) multi-shock NOEM (corresponding to column 5 of Table 2) — both correlations are positive;
(2) multi-shock IRBC (column 6 of Table 2) — first correlation is positive, second is negative;

(3) single-1;-shock model with a financial sector — both correlations are strongly positive;
(4

) multi-shock model with a financial sector (column 7 of Table 2) — both correlations are mildly
negative, as in the data.

Thus, Table A2 shows how a multi-shock model with a financial sector reproduces the empirical un-

conditional correlation moments in addition to the projection coefficients reported in Figure 3.
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A.11 Additional extensions

We consider three additional extensions:

1. Decreasing returns to scale. For tractability, the baseline model assumes constant returns to
scale in production, which allows to solve for prices as a function of exchange rate and exogenous
shocks, independently from quantities. We relax this assumption and show that qualitatively
decreasing returns to scale act similarly to a higher Frisch elasticity v, and quantitatively both
have only very mild effects on the properties of the model (see Appendix A.5.2). The detailed

results are available from the authors upon request.

2. GHH preferences. The baseline model adopts the separable constant-elasticity utility in con-
sumption and labor, for which the parameter o acts simultaneously as the inverse intertemporal
elasticity of substitution in dynamic decisions and the income effect elasticity in labor supply.
We consider instead the GHH preference specification with no income effect on labor supply
to explore robustness of our qualitative and quantitative results to this feature of the transmis-
sion mechanism. We show that the results remain robust qualitatively, and the only quantitative
differences result in higher volatilities of the interest rates, consumption and output, slightly de-
teriorating the quantitative performance of the model. The detailed results are available from the

authors upon request.

3. A model with capital. For simplicity, the baseline model abstracts from capital and dynamic in-
vestment decisions, to reduce the state space to a single net foreign asset variable. Below we show

the robustness of our conclusions in Sections 3-4 to the introduction of capital accumulation.

A model with capital

Setup We assume that firms rent capital from households, who in turn make the investment decisions.
Capital is produced from country-specific consumption good with one period lag and potentially sub-
ject to capital adjustment costs. We continue to assume that only foreign bond is traded internationally,
while domestic bond and capital stocks are traded only by local agents. Below we formulate optimiza-

tion problems of home agents and derive equilibrium conditions in log-linear form.

Households The problem of Home household now includes the choice of capital investment:

) 1—0o 1+1/v
clo-1 L
E t [ Gt Ly
e 2p ( -0 1+1/y>

{Ct.Le,1t,Key1,Be1,Br b 1

K It 2 Bt 1 B* gt %
st. P, <C’t+It+2 <Kt—5> Kt> + R: + efbjzlz; < B+ Bf& + WLy + P.REK, + 11, + T,

Kt+1 == (]. - (5) Kt + It7

where £ is adjustment cost parameter and returns on capital R are in units of the final good. Labor

supply and demand for bonds remain the same as in the baseline model and can be written in linearized
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form as follows:””

oci + =l = wy — py,
1%
Ei{oActy1 + Dpip1} =14,
Ei{oActy1 + Apipi} =1 + .

In addition, there is now an optimality condition for investment:

I Ct+1)7g K < ( Tt )) ( It ) Liyw k ( It )2
I+k| = —0) =pE Rii+(1—-0)(1+ -6 )+ -6 - = -5 |,
" (Ki ) ﬁ ' ( Ct e ( ) " KH—l " Kt+1 KH—I 2 Kt+1

which equalizes costs of investment with expected future returns and a change in adjustment costs in

the future. In steady state, this optimality condition pins down the rate of return on capital:

B (R +1—14) =1, implying R = % — (1 —9). Log-linearizing the capital law of motion and

the optimality condition we obtain:
k’t+1 == (1 - 5) k’t + 5it,
KO (it — k‘t) = —O']EtACtJrl + ﬁEt [RK’I}I_(H + ) (’it+1 — k’t+1)] .

Firms The pricing block of the equilibrium system remains unchanged except for the marginal costs.
Assume that production function is Cobb-Douglas with a share ¢; spent on intermediates. Out of the
remaining 1 — ¢; part, ¢2 is the capital share and 1 — ¢ is the labor share. We choose steady state
productivity level so that marginal costs and prices are equal 1. Log-linear approximation to the pricing
block is then:
o= (L =7)pue +Vpre,

pHt = (1 — o) mey + apy,

pre = (1 — ) (mc; + e) + ap,

mey = gipr + (1 — ¢1) gart* + (1= ¢1) (1 — da) wi — ar.

Market clearing The market clearing conditions are more involved since we now have an additional

market for capital:

« demand for labor: w; + I = y: + mc;
+ demand for capital: rtK + pr + k. =y + mey

+ goods market equilibrium now includes investment demand and adjustment costs in addition to

consumption and intermediates. For example, home demand for domestic goods is:

Yire = (1—7)e B

I 2
Ct‘i‘Xt‘f‘It‘f’R(t—é) Kt]-

With a slight adjustment in notation, we use 7; in this section to denote the nominal interest rate, with i; now used for
the log-deviation of investment.
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Up to the first order approximation, adjustment costs are equal zero, and therefore:

ye = (1 =) yue + Ve
yar = =& — 0 (PHt ) (1 —¢1)(§Ct+(1 —€) it)+¢)1 (yt+m6t_pt)u
Ve = (L =7)& = 0 (Pre —pi) + (1= ¢1) (s + (1 — <) ig) + ¢ (y; +mef —py),

where Q =1-¢1)s=(1-¢1) ( 5¢2> When capital share in production goes to zero,

i.e. g2 = 0, we get the same market clearing conditions as in the baseline model.

The last dynamic equation is country’s budget constraint:

5bt+1 =b +

T e
1—¢ "
where b is a net foreign asset position of the Home country and nxy = py;, + Y5y, + €t — Pre — Yt is

its net export. Finally, a log-linear approximation to the GDP is

gdpy =< + (1 — <) ir + 1 Ny

1—¢1

Calibration All parameters from the benchmark model take the same values. Following the previous
literature, we choose capital share in value added to be equal 0.3 and the quarterly depreciation rate
of 0.02, which implies steady state capital-to-GDP ratio of 5. Adjustment cost parameter is calibrated
together with relative volatilities of the shocks to match the relative volatility of investment in addition

to exchange rate correlation with consumption and net exports.

Effect from capital Itis convenient to separate the effect of capital on the economy into static and dy-
namic components. In the extreme case when adjustment costs go to infinity, the capital stock becomes
constant. As a result, dynamic effect of capital vanishes. However, the presence of capital in production
function implies that the technology exhibits decreasing returns to scale in labor. As we discuss above,
decreasing returns to scale have similar implications as a higher Frisch elasticity of labor supply (with
mild consequences for the quantitative performance of the model). In addition, when adjustment costs
are finite, there is also a dynamic effect of capital coming from the intertemporal investment choice of

households and time-varying stock of capital, a new state variable.

Results The process for exchange rate can be derived following the same steps as in the baseline case.
The main difference is that we now have two states (NFA and capital) and two controls (exchange rate
and consumption). It can be shown that for economically meaningful parameter values, the system has
two eigenvalues greater than one (one of which is 1/ as in the baseline model), one eigenvalue smaller
than one and one unit eigenvalue. It follows that each of the state variables follows ARIMA(2,1,1)
processes, in contrast with the ARIMA(1,1,0) process for the NFA position in the baseline model.

In turn, exchange rate, being a linear function of the two state variables and financial shock, follows
an ARIMA(2,1,2) process. Thus, the introduction of capital as an endogenous state variable increases

the order of the stochastic process for exchange rate in the similar way as additional exogenous shocks
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in the baseline model. Importantly, the process remains integrated and indistinguishable from a random
walk in the finite-sample numerical simulations of the calibrated model.

We further show that the introduction of capital does not affect the qualitative or quantitative
properties of the model with respect to the behavior or real exchange rate and terms of trade. In
particular, the real exchange rate still follows closely the volatile and persistent nominal exchange rate
process, with the capital state variable introducing only a mild wedge in the relative dynamics of the
two variables.

What concerns the exchange rate correlations with respectively the relative consumption (Backus-
Smith) and the relative interest rates (Fama Forward Premium), the results in the model are no longer
analytical, yet we show quantitatively that the calibrated model with realistic adjustment costs (cali-
brated to match the volatility of investment relative to the real exchange rate) is able to match both
correlations (despite a somewhat different transmission mechanism for the interest rates). In addition,
the model matches the empirical negative correlation between relative investment and exchange rate
changes (similar pattern as with consumption), another moment at odds with both productivity and
monetary shocks. Further detailed derivations and quantitative results are available from the authors

upon request.

A.12 Data appendix

Data sources for moments used in Tables 2, 4 and Al:

1. Persistence and volatility of nominal and real exchange rates: from Meese and Rogoff (1983) and
survey by Rogoff (1996).

2. Moments for terms of trade and producer-price real exchange rate: from Table 1 in Atkeson and
Burstein (2008), based on manufacturing prices and estimated for annual differences and HP-
filtered quarterly data, 1975-2006.

3. Moments for consumption, investment and GDP: estimates by the authors. The data is for France,
Germany, Italy and Spain from 1973 to 2000, quarterly.”® We take first log differences for each se-
ries, calculate a weighted average across countries and take the difference with the corresponding
series for the U.S. The weights are proportional to the PPP-adjusted GDP averaged across years.

We prefer first-differenced moments, but the results are robust to HP-filtering.

4. Moments for net exports: estimates by the authors. Quarterly data for the U.S. versus the rest of
the world, 1980 - 2015.

5. Slope coefficient 3 and R? in Fama regression: survey by Engel (1996) and recent estimates by
Burnside, Han, Hirshleifer, and Wang (2011, Table 1) and Valchev (2016, Table B.1).

6. Volatility and persistence of the interest rate differential: estimates by the authors. Monthly data
for the U.S. versus the UK., France, Germany and Japan from 1979:06 to 2009:10.

"Our data goes through 2015, but we choose the pre-2000 subperiod to be consistent quantitatively with the moments
reported in the earlier literature, as in the more recent period the correlation between relative consumption growth and real
exchange rate changes became less negative.
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Note: the interest rates for individual countries have autocorrelation of 0.97 — 0.99, while the
autocorrelation for the interest rate differentials is lower, at 0.85 —0.90. In the model of Section 3,
p corresponds to the persistence of both the level i; and the differential (i; — ;). In the multi-

shock models of Section 4, we set p = 0.97 to target p(i; — if) = 0.90.

7. Carry trade Sharpe ratio: the estimates for the forward premium trade from Hassan and Mano
(2014, Table 2) .

8. Profits volatility (omitted from the tables for brevity): estimates by the authors. Quarterly data
for the U.S., 1973 - 2015. We divide seasonally adjusted corporate profits (before taxes) by the
seasonally adjusted nominal GDP, calculate the standard deviation of the first differences of this

series and divide it by the standard deviation of changes in exchange rate.
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