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Abstract

We use a two-country New Keynesian model with balance sheet constraints to
investigate the magnitude of international spillovers of U.S. monetary policy. Home
borrowers obtain funds from domestic households in domestic currency, as well as from
residents of the foreign economy (the U.S.) in dollars. In our economy, foreign lenders
differ from domestic lenders in their ability to recover resources from borrowers’ assets,
leading to more severe financial frictions for foreign debt than for domestic deposits. As
a consequence, a deterioration in borrowers’ balance sheets induces a rise in the home
currency’s premium and an exchange rate depreciation. We use the model to investigate
how spillovers are affected by the degree of currency mismatches in balance sheets, and
whether the latter make it desirable for policy to target the exchange rate. We find
that the magnitude of spillovers is significantly enhanced by the degree of currency
mismatches. Our findings also suggest that using monetary policy to stabilize the
exchange rate is not necessarily more desirable with greater balance sheet mismatches
and may actually exacerbate short-run exchange rate volatility.
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1 Introduction

With U.S. monetary policy normalization well underway, an important question facing
monetary policymakers across the globe is to what extent rising U.S. interest rates can
have adverse spillovers to their own economies, and what are the trade-offs they face in this
environment. A common view, particularly among emerging market economies, recommends
gearing policy toward preventing capital outflows and mitigating currency depreciation. A
frequent argument underlying this view is the presence of currency mismatches in borrowers’
balance sheets, which render the latter undesirably vulnerable to movements in the nominal
exchange rate.!

Our goal in this paper is to investigate how the degree of currency mismatch in the balance
sheets of the domestic private sector may affect the degree of spillovers from U.S. monetary
policy, and to lay out its consequences for the trade-offs faced by domestic monetary poli-
cymakers. In particular, we investigate whether currency mismatch provides grounds for an
interest rate policy that attempts to stabilize the nominal exchange rate, as argued by the
common view described above.

To that end, we develop a two-country New Keynesian model, consisting of a “home”
economy (e.g. an emerging market economy) and the U.S., and augment it with financial
frictions in the banking sector of the home economy. We then allow for dollar-denominated
liabilities in home banks’ balance sheets, by assuming that domestic banks can borrow from
U.S. households (in dollars) as well as from domestic households (in domestic currency). In
each case, banks’ borrowing is subject to enforcement frictions, modeled as in Gertler and
Kiyotaki (2010). Because banks’ assets consist of home productive capital (denominated
in home currency), the presence of dollar liabilities creates a currency mismatch whereby a
depreciation of the home currency worsens domestic balance sheets.

The key novel mechanism in our setting involves self-reinforcing feedback between the
exchange rate and domestic financial conditions. This mechanism arises because the state
of domestic balance sheets exerts a powerful influence on the value of the domestic currency,
owing to the credit market friction. Thus, our model features a financial channel of spillovers
from U.S. monetary contractions, over and above the more-familiar trade spillovers featuring
expenditure-switching and expenditure-reducing channels.

We begin by presenting a simple open economy model designed to isolate the role of

!Calvo and Reinhart (2002) and Hausmann, Panizza and Stein (2001), for example, appeal to currency
mismatches in balance sheets, and the consequent sensitivity of the latter to exchange rate variations, as an
explanation for the observed “fear of floating” among emerging economies.



balance sheet constraints on exchange rate determination. We show how a domestic balance
sheet deterioration induces a rise in the currency premium, an exchange rate depreciation,
and a capital outflow. Key to this mechanism is the assumption that enforcement frictions
affect foreign borrowing more severely than domestic borrowing.? The resulting imperfect
arbitrage between domestic and foreign loans leads to a failure of uncovered interest parity
(UIP henceforth), the magnitude of which is linked to the domestic credit spread and, in
general equilibrium, to the state of domestic balance sheets.

We embed this mechanism within a medium-scale two-country New Keynesian model with
empirically realistic features. Unlike the simple model described above (in which borrowers’
net worth is governed by an exogenous equity endowment) here the state of borrowers’
balance sheets evolves endogenously, and its sensitivity to the exchange rate increases as the
extent of mismatch rises—accounting for the self-reinforcing feedback described earlier. We
use the model to investigate the size of the spillovers from U.S. monetary tightening, and
how it is affected by the degree of mismatches in home balance sheets. We also use the
model to examine the consequences of using domestic monetary policy to try to stabilize the
exchange rate in the face of U.S. monetary shocks.

The main findings that emerge from our analysis are as follows. First, the expenditure-
switching and expenditure-reducing channels roughly cancel each other in our baseline cali-
bration, so that the size of spillovers is mainly driven by the financial channel. In addition,
the magnitude of the latter is significantly enhanced by the degree of currency mismatch in
balance sheets. The reason is the downward pressure on the domestic currency (vis-a-vis the
dollar) exerted by a U.S. policy rate hike. The depreciation of the home currency initiates
larger losses in domestic balance sheets when the degree of currency mismatch is higher, set-
ting off the adverse feedback loop between exchange rates and balance sheets. The presence
of foreign-currency debt magnifies the depreciation, via greater feedback between exchange
rate and borrowers’ net worth.?

We next examine the spillovers from U.S. monetary policy under an alternative policy

2This assumption attempts to capture the realistic notion that it is harder for foreign creditors to monitor
home-economy borrowers and enforce contracts with them than it is for domestic creditors.

30ur baseline model features producer currency pricing (PCP) in which an exchange rate depreciation
is fully passed through to import prices, leading consumers to switch from foreign goods towards cheaper
domestic goods (the expenditure-switching channel). Under the dominant currency pricing (DCP) paradigm
recently emphasized by Gopinath (2016) and Boz et al. (2017), the degree of spillovers from a U.S. monetary
tightening on domestic output is larger, as the benefits arising from greater foreign demand for home’s
products (due to a depreciated home currency) is very small. We explore the consequences of DCP within
our framework in section 4.3.1.



regime in which the domestic monetary authority systematically raises the policy rate as
the nominal exchange rate depreciates. Our key finding is that the appeal of such a policy
may actually diminish as the degree of currency mismatch rises, rather than increasing as
suggested by the conventional view. In the case of a very high degree of currency mismatch,
the alternative policy regime (the one that targets the nominal exchange rate) induces an
enormous output drop following a U.S. tightening, and does not even succeed in containing
the short-run exchange rate depreciation.

To illustrate the intuition behind this finding, we show that the degree of currency mis-
match significantly affects the transmission of domestic monetary policy as well, particularly
regarding the behavior of the real and nominal exchange rate. Because a domestic interest
rate hike hurts balance sheets, it induces a rise in the currency premium, which partially
counteracts the standard effect through the UIP leading to an exchange rate appreciation.
This effect turns more powerful as the extent of currency mismatch rises, because balance
sheets turn more sensitive to a currency depreciation—thus exacerbating the adverse feed-
back between the state of balance sheets and the exchange rate. When the currency mismatch
is very high, a monetary tightening actually leads the currency to depreciate in the short
run, due to a sharp rise in the currency premium. This result from our theoretical model
is consistent with the empirical evidence documented by Hnatkovska et al. (2016), who find
that emerging market economy currencies tend depreciate against the US dollar when do-
mestic rates increase relative to the U.S. rates, in contrast to advanced-economy currencies.
More generally, the result may help explain the difficulty in identifying empirically a ro-
bust relationship between domestic interest rates and exchange rates in emerging market
economies, particularly in times of heightened financial stress (see, for example, Gould and
Kamin (2001)).

Compared to standard New Keynesian models like Gali and Monacelli (2005), in which a
UIP condition always holds, our model features significant deviations from uncovered interest
parity, which are related to the state of domestic balance sheets (and therefore linked to
domestic credit spreads). In the empirical section of the paper, we provide a test this feature
of the model. We do so by augmenting Fama regressions (Fama (1984)) with measures of
domestic credit spreads, which proxy for the domestic external finance premium. Here we
find significant support for the basic model prediction linking the currency premium with
domestic credit spreads. Our model is also broadly consistent with the findings in Baskaya
et al. (2018), who provide micro-level empirical evidence of a UIP failure over the 2003-2013

period in Turkey. Their empirical results—showing that foreign currency borrowing in a



typical emerging market economy tends to be cheaper than local currency borrowing—are
also consistent with a basic feature of our model, in which imperfect arbitrage (arising due to
agency frictions) allows the existence of a wedge between the return on domestic borrowing
and that on foreign loans (adjusted by the expected movement in the currency value).

Our paper is related to several strands in the literature. Our model builds on the
New-Keynesian open economy macroeconomic frameworks developed by Gali and Mona-
celli (2005) and Erceg et al. (2007). The model is augmented to include financial frictions
in the banking sector as in Gertler and Kiyotaki (2010) and Gertler and Karadi (2011), as
well as a balance sheet channel of exchange rate changes as in Céspedes et al. (2004) (see
also Gertler et al. (2007), Aghion et al. (2001), Aghion et al. (2004), Krugman (1999), and
Braggion et al. (2009)). This feature of the model is consistent with the recent empirical
evidence on the link between balance sheets and exchange rates. For example, Kalemli-
Ozcan et al. (2016) and Niepmann and Schmidt-Eisenlohr (2017), among others, document
adverse effects of currency depreciations on real and financial variables in the presence of
foreign-denominated debt.*

Our paper is also related to recent influential work by Aoki, Benigno and Kiyotaki (2016),
Bocola and Lorenzoni (2017), Corsetti et al. (2018), Gabaix and Maggiori (2015), and Bruno
and Shin (2015). The distinctive features of our work compared to these papers are that we
focus on quantifying the spillovers from U.S. monetary tightening, that we use a two-country
medium-scale New Keynesian model augmented with a set of features designed to enhance
its quantitative realism, and that we emphasize the transmission arising through endogenous
UIP deviations and their interaction with the degree of currency mismatch in balance sheets.

The paper is organized as follows. We begin by describing, in Section 2, a simple open
economy model aimed at isolating the role of domestic balance sheets on deviations from
UIP—the key novel element in our setting relative to Gali and Monacelli (2005) or Erceg et
al. (2007). Section 3 describes the full model. Section 4 shows our quantitative experiments.

Section 5 contains the empirical analysis. Section 6 concludes.

2 Simple Model

We begin with a very simple, stripped-down version of the model which allows us to isolate

the role of the state of balance sheets in driving the currency premium and the exchange rate.

4Goldstein and Turner (2004) and Chui, Kuruc and Turner (2016) also document that currency mis-
matches are still pervasive in emerging market economies.



The model consists of a foreign economy (the U.S.) and a domestic economy populated by
households, firms, and bankers. There are two distinct nondurable consumption goods (one
produced at home and the other produced abroad) as well a durable capital good. Home
bankers borrow from domestic households and from U.S. households to fund the acquisition
of physical capital. An agency friction potentially limits bankers’ ability to borrow (from
both domestic and foreign creditors). Aside from the agency friction, the model features no
other real or nominal imperfections. We assume there are no financial frictions in the foreign

economy.

2.1 Banks

We assume each banker 7 lives for two periods, and operates on behalf of the representative
household.® At the beginning of the period, the banker receives an exogenous equity transfer
& from the household. The banker then uses this equity endowment as well as borrowed
funds from domestic households (D;;, in units of the domestic good) and foreign households

(D}, in units of the foreign good) to finance purchases of the capital good, denoted S:
@Sit = Dyt + Qi Djy + &ut (1)

where ¢; is price of capital and Q, is the price of the foreign good (both in terms of the
domestic good). We refer to Q, as the real exchange rate. S;; denotes bank i’s holdings of
claims on domestic capital. We assume that there are no financing frictions between banks
and non-financial firms (the ultimate users of physical capital), and therefore the payoff that
bankers obtain from each claim is given by the capital dividend obtained by non-financial
firms. Thus, the banker can be thought of as a holder of equity of domestic firms. For
this reason, we think of banks more broadly as “bank-firms” capturing the entire corporate
sector.

In ¢ + 1, the bank receives net payment

Tk +q * y
Zkt+l T HiA1 (]tSit — Rt+1Dit - Rt-l-l Qt""lDit

qt
——

=RKt+41

which he or she transfers to the household and then exits. Here ry;, 1 is the dividend payout

and Ryy1, Rf,, are the (noncontingent) real interest rates on domestic and foreign funds,

5In the larger-scale model presented later, we allow for long-lived bankers.



respectively.
The agency friction affecting banks’ financing takes the form of a simple limited enforce-
ment problem: after borrowing funds the banker may, rather than honoring its obligations,

decide instead to default on its creditors and divert the amount

9<Dit + (1+)Q. D}, + fzt)
=0 (1 + 7%%) qeSit
D}

qtSit
The latter assumption, v > 0, captures the notion that the bank can more easily divert

for personal gain, where x; = 0<6<1,and v > 0.

resources when they are financed by foreign loans, rather than by domestic loans.® We
believe this is a natural assumption: It captures the notion that it is harder for foreign
creditors to monitor borrowers and enforce contracts than it is for domestic creditors. Upon
default, creditors liquidate the bank and recover the remaining amount. For creditors to be
willing to supply funds in the first place, the banker’s choices need to satisfy an incentive
constraint requiring the bank’s continuation value to be higher than the value of defaulting

and diverting funds.

Let
He = BE, (RKtJrl - Rt+1) (2)
R . Q
or = BE, (RKt+1 - %ttﬂ) (3)

The variable p; denotes expected excess returns with respect to the domestic rate R, while
0; is expected excess returns relative to the foreign borrowing rate. The variable x;; is the
foreign funding ratio—the ratio of the bank’s foreign liabilities (expressed in real domestic

currency) to total assets. Each banker solves the following problem:

max [jSt@t + (1 — @) pr | @St + &

Sit,Tit

5To see this, let &; — 0 and consider a bank that finances its assets solely with loans from domestic
residents (D}, = 0). The bank’s payoff from defaulting is 0¢:S;;. If, on the other hand, the bank finances its
asset holdings only with foreign funds (D;; = 0) its payoff from defaulting is 6(1 + v)g;Si:. Thus + indexes
the degree to which foreign funds are more easily divertible.



subject to
Tipor + (1 — zi) e | @S + &t > 0 (1 +yxi) ¢S (10)

The incentive constraint (IC) above requires that the banker’s continuation value be higher
than the value of defaulting.
Given a binding IC, the banker’s first order conditions imply the optimal liability portfolio

condition

(L4 = 0 (4)

The intuition is straightforward. Consider an operation whereby the bank marginally in-
creases its foreign borrowing, financed by a decrease of the amount of borrowing from the
domestic market. The benefit of this operation is g;, the excess return on foreign borrowing.
The cost is (1 + )y, the excess return on domestic borrowing (u;) plus the loss due to a
tighter IC, vy, (recall that an extra unit of foreign borrowing tightens the constraint by ~
marginally). If the bank’s portfolio is optimal in the first place, the benefit of the operation
must equal its cost.

The wedge in the UIP condition (or the “currency premium”) is then given by:

R*
py = BE <Rt+1 - —HthH)
Q
= 0t — Mt
= Vit (5)

Thus the foreign exchange premium is proportional to the domestic excess return p,, with
the constant of proportionality given by the parameter ~.
Throughout we assume that the primitive parameters are such that the IC binds in a

neighborhood of the steady state, so that

it
0 —

(6)

(14 yxit) ¢St =

for all 4.



2.2 Households and export demand

The representative consumer maximizes
oo
Eo Y B'U(Cpr, M)
t=0
subject to

Cpi + Q:Mcy + Dy < WiL + RDy_1 +m, (7)

Cpy is consumption of the domestic good (whose price is normalized to 1), M, is imports
of the foreign good, D; is bank deposits, and 7; is net transfers from bankers. Assuming
preferences take the form U(Cp, M) = Cp + xm log(Me), we get the following first-order

conditions:

R=p"
MCt = XmQ;l

Given symmetric preferences in the foreign country, export demand from the foreign
country is analogous to import demand: Mg, = x,9;. We assume inelastic labor supply and
linear utility in Cp for simplicity, as these features are not essential (qualitatively) to the
transmission from balance sheets to exchange rates. On the other hand, it is important to
allow for a qualitatively realistic response of net exports to the real exchange rate, justifying

the assumption of curvature in the preferences for imports and exports.

2.3 Equilibrium conditions

We assume the aggregate supply of physical capital is fixed at K. Capital market clearing
is then given by f Sidi = K. We assume banks’ transfer is &; = &q, K, where & follows
an exogenous process with mean € € (0,1). Aggregating banks’ incentive constraint (6) and

assuming symmetry, we obtain




Aggregating domestic budget constraints (where R* = 8*~' < R), we obtain

R*D;, — D! = NX; (9)

where N X, is net exports expressed in terms of the foreign good (NX, = Q; ' My, — M¢;).”
We assume firms are perfectly competitive and operate a Cobb-Douglas technology Y; =
K&L;~®. Given the aggregate supplies of labor and capital K and L, the dividend payout
is then 74 = 1, = (K /L)*! Vt.
The full set of equilibrium conditions characterizing the home economy consists of 5

equations determining xy, u¢, 9, ¢; and Dj:8

&
=0—- 11
27 1+ vz, ( )
5 = 20 (12)
@K
E(Fx + qi41)
_ J 13
@ =p 1+ 1 ( )
PR (Qet1)
o =L "7 14
t L=y (1)
D;=X" _\,+R'D;, (15)
9,

Equation 11 is the incentive constraint (6), determining the domestic excess return y; as
a function of the equity transfer & and the foreign funding ratio z;. Equation (12) is the
definition of z;. Equations (13) and (14) follow from (2) and (5), and determine prices ¢, Q;
as a function of p; and expectations of ¢;41 and Q;,1. The balance of payments equation
(15) follows from (9) and (10).

We next consider a first-order approximation to the system (11)-(15) around the non-
stochastic steady state. Further, we also assume that (3 is arbitrarily close to 8, let x,;n = Xa,
and choose an appropriate normalization of K such that the elasticity of NX; to Q; equals
unity. Under these assumptions, letting y; = log (y_;) and 1; = y; — y for any variable y;,
the system (11)-(15) becomes®

"See Appendix A for the derivation of equations (9) and (10).
8 Appendix A contains the model’s steady state and log-linearized equilibrium conditions.
9See Appendix A.3 for details.



P

~ 0
e = ££t+_

5(5 —0)z, (16)

% =Q+D; - (
Qi = vy + E {@Hl} (18
(
(

G = — it + BE{Gry1 } 19
Df = —r*Q, + (14 1)D;_, 20
where r* = ﬁi — 1 is the net foreign interest rate.

The system above makes the mechanics of the model reasonably transparent. A drop in
Et works to push excess returns ji; up from (16), given z,. From 19, g is determined by (the
negative of) current and future expected values of fi;, so rises in the latter work to depress
the asset price. Similarly, from (18) rising excess returns depreciate the home currency, with
the strength of the effect governed by parameter . The intuition follows from condition
(5), in turn a consequence of the optimal portfolio condition (4): rising excess returns must
be matched by a rise in the UIP wedge p;, which must take place via a depreciation along
with expected appreciation of the home currency. Rising Q\t and falling q; both affect 7,
positively, with a drop in ﬁ;“ working in the opposite direction. The latter effect, however,

will tend to be relatively small, as the elasticity of D} to Q, is the net interest r*.

2.4 Effects of drop in net worth

We next illustrate the mechanics just described by means of an impulse response to a
negative innovation to &. We calibrate the discount factors, g and §*, to 0.9925 and 0.9975
respectively, following our calibration of the larger-scale model described in detail below.
We set the divertable fraction of assets to 0.2, the steady-state equity transfer to 25 percent
of the value of capital, and assume that foreign credit is fifty percent more divertable than
domestic credit (7 = 0.5). We emphasize, however, that the basic qualitative patterns hold
regardless of the specific calibration (so long as the conditions on parameters described in
Appendix A.2 are satisfied).

What are the consequences of a drop in aggregate net worth? Figure 1 shows the impulse
responses to a negative innovation of two percentage points percent to & (i.e. the transfer falls

from 25 to 23 percent of the value of capital) which persists with autoregressive parameter

10



Figure 1: Negative ¢ shock in the simple model
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0.75, implying a half-life of about a year. The spread p; rises by about the same amount of the
drop in the transfer, and through the optimal loan portfolio condition the currency premium
also rises—by about half as much as the spread, given that v = 0.5. The price of capital falls
by six percent, and the domestic currency depreciates by three percent. Aggregate foreign
borrowing D; falls persistently—a capital outflow. Once the effects of the lower & begin
to fade, note that the economy is left with a lower value of net foreign liabilities D} (the
only endogenous state variable), which everything else equal works to improve the agency
friction. This accounts for the rise in ¢; above steady state after about two years. For the
same reason, Q, falls below steady state (i.e. home appreciates) starting after two years.
The appreciation then slowly erodes the net foreign asset position by reducing net exports,
thus bringing Dy slowly back up toward steady state.

The dynamics described above stand in contrast to what would obtain if v were zero, i.e.
if the enforcement friction was equally severe for domestic as for foreign credit. In that case
we would simply have that p, = 6 — & and pu; = 0. Accordingly, a drop in & would lead to
a commensurate rise in u; and a fall in ¢;, without any effect on the currency premium, the

exchange rate, or the net foreign debt position.

11
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3 Full Model

The core model is a two-country extension of an open-economy New Keynesian model
(for example, Gali and Monacelli (2005) and Erceg et al. (2007)) augmented with financing
frictions as in Gertler and Kiyotaki (2010) or Gertler and Karadi (2011). Compared to the
simple model in the previous section, we now allow banks to be long-lived. This introduces
endogenous persistence in their net worth and, more importantly, allows it to be affected by
movements in the exchange value of domestic currency (to the extent that part of banks’
liabilities are in foreign currency). In addition, we augment the model with a standard set of
nominal and real rigidities—including nominal price and wage stickiness, habit persistence
in consumption, and adjustment costs in investment and in imports. These features help

enhance the model’s empirical realism.

3.1 Banks

We begin by describing the banker’s problem in the full model. We first describe the

evolution of banks’ net worth, and then outline their optimization problem.

3.1.1 Balance sheet and net worth evolution

Banks’ positive survival probability, o, > 0, leads net worth to evolve endogenously, in
contrast to the simple model described above. Exiting bankers are replaced by new entrants,
which receive a small endowment in the form of fraction &, of the value of the capital stock.

The balance sheet identity is

f— *
19 = Di + QD; + Ni
claims on domestic (real) dollar net
domestic firms deposits deposits worth

The banker’s budget constraint, expressed in (real) domestic currency, is
@Sit + Ry Dy + R{Q,Dj, | < Rpyqe—1Si—1 + Dy + Qi Dj;

The left-hand side is bank i’s uses of funds, including lending to non-financial firms (¢;S;)
plus deposit repayments (both domestic, R;D;;_1, and foreign, Ry Q,D}, ;). The right-hand
side is the source of funds, including returns from past loans (the first term) plus deposits

issued (to domestic residents and to foreigners, second and third term respectively).

12



Combining the two equations above yields the evolution of net worth:

* Q *
Nit = (Rit — Ri)qe—1Sit—1 + (Rt — Ry o, Z) Qi 1Dj, 1 + RNy
t_

3.1.2 Optimization problem

The banker’s objective is

Vie =  max . (1 - Ub)Et [At,t—l—l (Rkt+1QtSz‘t — Ri1 Dy — R:+1 Qt+1th)]

Sit,Dit, D7,

+ oplEy <At,t+1 Vit+1>
subject to

@S = D+ QD+ Ny

. Q ;
Nity1 = (Ris1 — Rig1)qSi + <Rt+1 — It f) QD;, + Ry 1 Ny
t
Vi > 0 <1 + %JI?) @Sz (IC)

(21)

where z;; = Q;D},/q:Six and A, 414 is household’s real stochastic discount factor between ¢ and

t 4+ 1. Compared to the simple model, here we assume that the default payoff is quadratic

in the foreign funding ratio (rather than linear). This turns out to have some desirable

properties, without affecting the qualitative insights obtained from the simpler linear case.

In particular, the quadratic formulation implies an interior solution for each bank’s foreign

funding ratio.

3.2 Employment agencies

As in Erceg, Henderson and Levin (2000), there is a continuum of households indexed by

i € [0, 1], each of which is a monopolistic supplier of specialized labor L;;. A large number

of competitive “employment agencies” combine specialized labor into a homogeneous labor

input used by intermediate goods producers, according to

L1
L - { / Li{t*“’wdz}
0

140
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From employment agencies’ cost minimization, demand for labor variety 7 is

Wi\ e
Lis=(=2) "L

where W, is the nominal wage received by supplier of labor of type ¢ and the wage paid

1
Wy = {/ Wiyt"w dj
0

3.3 Domestic households and wage setting

by goods producers is

— by
(22)

Household 7 seeks to maximize

]EOZBJ(

=1 Xo
—hCj-1) ° — 1+XL¢1,3J‘)

subject to

PeiCy + Poy Dy < Wit Liy + Por Ry Dy 1 + Wi + 11,

1 1+p
i = |1 =) ™R+ (pedtc)

17 —P

1 _1
Pey = [(1_W>PD; +WPM§:|

Above, C; denotes the consumption basket, a CES aggregate of domestically-produced
goods, Cpy, and imports, M¢y; Dy is deposits in domestic banks, which pay real (i.e. in terms
of the domestic basket) interest rate R;; W;; is the net cash flow from household i’s portfolio
of state-contingent securities (used to ensure that all workers in the household consume the
same amount Cy, despite earning different wage income); and I, is total bank and firm profits
distributed to the household. The variables Pp; and Py denote, respectively, the price of
the domestically-produced good and the price of the imported good, and Pg; is the price of
the home basket (i.e. the CPI). We assume producer currency pricing (PCP): Py = e, P}y,
where ¢; is the nominal exchange rate (i.e. the price of a dollar in terms of home currency).
The parameter h, satisfying 0 < h < 1, governs the extent of consumption habits.

Following Erceg, Guerrieri and Gust (2006) we assume costs of adjusting consumption

14



imports, which take the following form:

_ M ( MCt/CDt _1)2

—1_TrM
vet 2 \Mci—1/Cpi—

This formulation of adjustment costs implies that it is costly to change the proportion of
domestic and foreign goods in the aggregate consumption basket. As such, it dampens the
short-run to response of the import share to movements in the relative price of imports, but
allows the level of imports to respond quickly to changes in overall consumption C;.*°

As in Erceg et al. (2000), fraction &, of households cannot set the wage but instead

follows the indexation rule

Wi
Wi

L J—
Wie =W T 1, Tur =

The remaining fraction of households solves

oo i
] XO U07 j o Lw
max Et{ Z(fwﬁ)J[— XLiﬁfj T = LW, Hﬂwt%—l}}
t J

1
= + Ct+ i}

subject to the labor demand function (22).

3.4 Foreign (U.S.) households
U.S. household’s problem is analogous to that of domestic households:

- *J g * * = XO* *
max [Eg 25 ! ( (Ct+j - hct—i—j—l) 1L XLi7t+j1+X)
=0

o—1
subject to

Pe,CY o+ BY + Py Dy < Wi Liy + Ry By + Po R Dy + 11 + W,
where Dy is short-term deposits in home banks by U.S. households, B} is short-term nominal
bonds (in zero net supply), ]:2;" is the real return received from deposits in banks of the home

economy (in real dollars), and R} is the Fed funds rate. We allow for the possibility of a

10As emphasized by Erceg et al. (2005), adjustment costs as modeled above permit the model to match
the evidence described in Hooper et al. (2000) and in Mc Daniel and Balistreri (2003) that the short-run
trade price elasticity is smaller than the long-run elasticity.
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tax 7 on home banks’ foreign borrowing: R = (1 4+ 7)R?. As explained below, we use this
tax as a device to vary the steady-state amount of borrowing from the U.S. by home banks.
U.S. households also face nominal wage rigidities and costs of adjusting imports, in a manner

analogous to the description in the preceding section.

3.5 Firms and price setting

A continuum of mass unity of retail firms produce final output using intermediate goods

as inputs. Final output Y; is a CES composite of retailers’ output:

1 1 1+6,
Y = ( / Y di)
0

where Y;; is output by retailer ¢ € [0, 1]. Let the price set by home retailer ¢ be Pp;;. The
1 7%
price level of final home output is Pp; = fol PD;f di . Cost minimization by users of

final output yields the following demand function for firm i’s output:

p 140
) Op
Y; _ Dit Y,
= () T

Each firm can reset its price with probability 1 —¢&,. Firms not resetting their price follow

the indexation rule
L _
Ppiy = Ppig—1m"q, T = Ppi/Ppi—a

where m; is home-good inflation. The problem facing a firm resetting its price in period
t is thus

00 J
4 . .
max [ E A& | Ph | | T — MCrpj | Y

The production function of each intermediate goods firm ¢ is given by Y;; = KﬁtL};"‘.
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3.6 Capital producers

Capital producers produce new capital goods subject to costs of adjusting the level of

investment [, given by

vr (I ?
_Yr () g
b1t > \ 7, t

(in units of the home good). The objective of the representative capital producer is to
choose a state-contingent sequence {]t+j};io to maximize the expected discounted value of

profits:
- Ppiyj
E, E Mg (Qerilen; — 5 Orevy
= Peuyj

where ¢; denotes the real price of capital goods (in terms of the home basket). As in
the case of consumption goods, investment goods are a composite of domestic (Ip;) and

imported (M) goods, also subject to costs of adjusting the imported-domestic good mix:
p p L]
= (1= ) (o) T

with

_ Pum ( Mp/Ipe 1>2

—1_-M
oI 2 \ My /Ipis

Optimality with respect to the investment aggregate I; gives rise to an investment-q

relation:

I, I, or (1, ?
=1 — 1) — Ry (L
qt = 1+ppi@ <It—1 > I + Py 5 <]t_1 )

Iiq ) 2
—E, At,t+1th+1¢ I_ -1 T
t t

where pp; = Ppt/ Pex.
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3.7 Domestic market clearing, BOP, and monetary policy rule

The market clearing condition for the home good is as follows:

6 * *
Y, = Cor+ Iy + g—f<MCt + M},) + on
h
where é—h is the relative population size of the foreign economy (note that all variables

are expressed in per capita terms). The balance of payments, obtained by aggregating the

budget constraints of agents in the home economy, is given by
A (D: - R:Dzll) =Cy+ 1 + ppidre — poiYs

As a baseline case, we assume that monetary policy in the home country follows an

inertial Taylor rule:

ry = (re)" (Re) s (23)

where m; = Ppy/Pp;—1 is domestic inflation. Later we consider an alternative policy
rule which allows for an exchange rate stabilization motive. Monetary policy in the U.S. is
conducted according to an inertial Taylor rule as specified by Justiniano et al. (2010) which,
in addition to inflation, includes the output gap (both in levels and in growth rates) as an

argument.

4 Model Analysis

4.1 Calibration

Table 1 reports parameter values. We calibrate the U.S. discount factor, 5*, to 0.9975,
implying a steady-state real interest rate of 1% per year. This choice follows several recent
studies (e.g. Reifschneider (2016)) and is motivated by estimates indicating a decline in the
U.S. natural rate (see, for example, Holston, Laubach and Williams (2017)). To calibrate the
home discount factor, we rely on estimates of Mexico’s long-run natural rate from Carrillo
et al. (2017) of about 3 percent, and accordingly calibrate 3 to 0.9925.11

HMagud and Tsounta (2012) also estimate the natural rate for several Latin American countries using
various methodologies. Averaging across methodologies yields a range of values between 2 and 5 percent
across countries, with a cross-country average of about 3 percent.
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The intertemporal elasticity of substitution (o), capital share («) and capital depreciation
rate (0) are calibrated to the conventional values of 1, 0.33, and 0.025, respectively. We also
calibrate the steady-state wage and price markup to 20 percent, a conventional value. For
the remaining parameters governing features of the domestic economy, we rely on estimates
from Justiniano et al. (2010). These parameters include the degree of consumption habits
(h), the inverse Frisch elasticity of labor supply (x), the parameters governing price and
wage rigidities (6,, &y, 0, and &, ), and the investment adjustment cost parameter (V). The
values for these parameters are listed in the top part of Table 1. We also rely on Justiniano
et al. (2010) to calibrate the parameters for the U.S. Taylor rule (v}, 7%, v& and v}, where
the latter two parameters govern the response to the output gap and to output gap growth,
respectively). Turning to the baseline home policy rule, we set ~, to the conventional value
of 1.5. Aside from the policy rule and the discount factor, all other parameters are set
symmetrically across the two countries.

Turning to parameters governing international trade, we follow Erceg et al. (2007) (who
rely on estimates by Hooper et al. (2000)) and set the trade price elasticity % to 1.5. We
set w = 0.20, which implies a steady-state exports-to-GDP ratio of 28 percent—a value in
the neighborhood of that observed for emerging economies like Mexico or Turkey. We set
the population size of the home economy to one fifth that of the U.S. The trade adjustment
cost parameter ¢y is set to 10, as in Erceg et al. (2006) and Erceg et al. (2005). This
value implies a price elasticity of slightly below unity after four quarters, consistent with the
evidence that the short-run elasticity is lower than the long-run one.

Regarding the parameters governing the financial friction, we set the survival rate g, to
0.969, implying an expected horizon of 8 years. To remaining three parameters are set to hit
three targets: a steady-state credit spread of 150 basis points annually, a leverage ratio of 5,
and a ratio of foreign-currency debt to total debt of 30 percent (conditional on the tax on
foreign borrowing, 7, being set to zero). The target for the credit spread reflects the average
value of BBB corporate bond spreads in emerging economies. The target leverage ratio is a
rough average of leverage across different sectors. Leverage ratios in the banking sector are
typically greater than five,'? but the corporate sector features a much lower ratio of assets
to equity (between two and three in emerging markets'®). Our target of five reflects a rough

compromise between these two values. Finally, evidence in Goldstein and Turner (2004) and

12For example, bank assets to capital averaged around 10 for Mexico in recent years. Source: IMF Global
Financial Stability Report.
13Gee e.g. IMF Global Financial Stability Report October 2015, Chapter 3.
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Table 1: Calibration
Parameter Symbol Value

Home discount factor 6] 0.9925
U.S. discount factor 5 0.9975
IES o 1
Habit parameter h 0.78
Inverse Frisch elasticity of labor supply X 3.79
Trade price elasticity % 1.5
Trade openness w 0.2
Relative home size En/Ss 0.2
Trade adjustment cost parameter oM 10
Capital share « 0.33
Capital depreciation ) 0.025
Prob. of keeping price fixed &p 0.84
Price indexation & 0.24
Price markup 0, 0.2
Prob. of keeping wage fixed & 0.70
Wage indexation &p 0.15
Wage markup 0, 0.2
Investment adjustment cost vy 2.85
Home Taylor rule Yo 0.82
Y 1.50
US Taylor rule v 0.82
o 2.09
oM 0.07
Vi 0.24
Bank survival rate oy 0.969
Bank fraction divertable 0 0.57
Bank transfer rate & 0.02
Home bias in bank funding y 6

Chui, Kuruc and Turner (2016) on ratios of foreign-currency debt to total debt in emerging
markets suggests an upper bound for this ratio of about 30 percent, justifying our target
when 7 = 0. These targets imply 6§ = 57, &, = 0.02, and v = 6.

One of our goals in the analysis below is to illustrate how the dynamics following various
shocks differ depending on the degree of currency mismatch in the economy when the shock
hits. To this end, we consider three different values for 7: a high value (of 160 basis points
annually) which induces a steady-state foreign debt ratio of 5 percent, a value in the lowest

range across emerging economies; an intermediate value (50 basis points) which implies a
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foreign debt ratio of 18 percent, a moderate value in light of the evidence; and finally a very
low value of 7 just 20 basis points, leading to a high value for the foreign debt ratio (25

percent).

4.2 Drop in aggregate net worth

We begin by illustrating the effects of a drop in aggregate bank net worth, an exercise
analogous to that performed earlier in the context of the simple model. Specifically, we
document the effects of a one-time transfer of wealth from bankers to households (think
of a tax levied on banks’ equity, the proceeds of which are distributed lump-sum back to
households). The transfer is sized to 5 percent of steady-state net worth. The effects of the
drop in net worth are shown in Figure 2.

Starting with the case in which the degree of currency mismatch is low (light blue dashed
line), note that the dynamic responses of the credit spread, the currency premium, the price
of capital, ¢, and the real exchange rate, Q, resemble the responses highlighted by the simple
model. For example, zooming in the real exchange rate response reveals that this variable
rises (i.e., the home real exchange rate depreciates) by about 15 basis points on impact, and
remains elevated for about eight quarters before turning negative and gradually converging
back to zero from below. This dynamic pattern resembles the one obtained from the simpler
model from Section 1. There are, however, some notable differences with respect to the
simple model. Note, first, that now the drop in net worth is persistent, even though the
transfer shock is transient. This reflects the fact that bankers are long-lived. Second, note
that the net worth drops by over 10 percent on impact, i.e. twice the size of the transfer.
This is the result of the financial accelerator effect working through a general-equilibrium
decline in the asset price ¢: lower aggregate net worth lowers investment and ¢, and the ¢
works to diminish net worth further. Notably, in contrast to the simple model, now the drop
in net worth has adverse consequences for the real economy: aggregate investment falls by
about 3 percent, leading output to fall despite a modest rise in exports.

The exchange rate depreciation in the experiment just described is, however, quantita-
tively small, as the currency premium rises only modestly (about 20 basis points). As the
degree of currency mismatch rises, however, the self-reinforcing feedback between a depreci-
ating currency and declining net worth becomes stronger: from equation (21), note that a

realized depreciation (high Q,/Q; 1) lowers N;;, with the magnitude of this effect larger the

21



Figure 2: One-time drop in aggregate bank net worth
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Note: The Figure shows the effects of one-time net worth transfer from bankers to households (sized at 5
percent of steady-state net worth) when the currency mismatch in the economy is low (light blue dashed
line), moderate (blue solid line), and high (dark blue solid line). All variables shown relative to steady state.
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greater the amount of foreign debt.!* Thus, the adverse feedback loop between net worth
and currency movements becomes more powerful when banks’ balance sheets feature a larger
degree of currency mismatch, as made clear by comparing the solid blue (moderate currency
mismatch) and the dark blue solid line (high currency mismatch) to the light blue dashed
line. In the high currency mismatch case, net worth falls by over 25 percent on impact,
more than five times the size of the transfer shock. The currency premium skyrockets, and
the real exchange rate depreciates about 2.5 percent. Because the credit spread E(Ryx — R)
also rises much more than with low currency mismatch, the fall in investment is much more
severe—about twice as large—which pushes output down to a greater degree. At the same
time, the larger depreciation implies a larger rise in exports, which provides some offset in the
response of output. Still, output drops by about ten basis points more in the high currency

mismatch case, relative to the case with low currency mismatch.

4.3 Spillovers from U.S. tightening

We begin by reviewing the spillovers from a tightening of U.S. monetary policy in a
setting with frictionless financial markets, shown in Figure 3. For this exercise we assume
a symmetric calibration of the two countries (i.e. similar country size, discount factor, and
Taylor rule) although the main insights carry over to the asymmetric case. The effects
of a U.S. monetary tightening on the home economy reflect two distinct channels often
emphasized in the literature: an expenditure-switching channel arising due to the induced
depreciation of the home terms of trade, which leads consumers and firms to substitute
away from U.S. goods and into home goods, and an expenditure-reducing channel arising
from the overall demand contraction due to higher real interest rates. We capture the
expenditure-switching effect by setting h — 1 and ¢; — oo, implying that consumers and
firms (both at home and abroad) keep aggregate consumption and investment constant. The
resulting output movements reflect solely the switching from U.S. into home goods, and thus
lead home output to rise by around 15 basis points and U.S. output to fall by the same
amount. By contrast, the expenditure-reducing channel (captured by setting ¢y to a very
high value, which implies that agents do not alter the share of imports in total consumption
or investment despite the relative price change) implies a reduction in home output of around

20 basis points. The net effect (the gray line with asterisks) reflects the combination of these

14The elasticity of net worth to a real depreciation is given by g—bQTD* (where letters without subscripts
indicate steady-state values), and hence rises as the ratio of foreign debt to net worth increases.
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Figure 3: U.S. monetary tightening, frictionless economy
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Note: The gray line with asterisks shows the effects of a U.S. monetary tightening in an economy without
financial frictions and with the parameters calibrated symmetrically. The red dashed line sets the habit
parameter h very close to 1 and the investment adjustment cost parameter ¢; to a very high value. The
dark red solid line sets the trade adjustment cost parameter to a very high value (and h and ¢; back to their

baseline values). All variables shown relative to steady state.

two forces: home output still declines as the expenditure-reducing channel is somewhat more

powerful, but the drop is quantitatively modest.

We now examine spillovers under our baseline model with financial frictions, shown in

Figure 4. When the degree of currency mismatch is low (light blue dashed line), the drop in
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Figure 4: U.S. monetary tightening, economy with frictions
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Note: The Figure shows the effects of a U.S. monetary tightening in the economies with high, moderate,
and low currency mismatch (dark blue solid, blue solid, and light-blue-dashed lines respectively). The gray
line with asterisks reports the effects in a frictionless economy. All variables shown relative to steady state.
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g now initiates a decline in banks’ net worth, leading credit spreads to rise modestly. As a
consequence, investment now falls significantly more than in the frictionless economy. The
lower bank net worth also induces a small rise in the currency premium, and the nominal
and real exchange rate depreciate by somewhat more as a consequence. This leads exports
to fall a little less than in the frictionless case. Still, the larger drag from investment on real
activity dominates, and leads output to fall noticeably more than in the economy without
financial frictions.

The spillovers from U.S. monetary tightening are significantly larger with a high degree
of currency mismatch (dark blue solid line). The self-reinforcing feedback between currency
movements and net worth is now much stronger, magnifying the response of financial vari-
ables: spread and currency premium rise by more, net worth and ¢ fall more steeply, and
the real exchange rate depreciates by more. The end result is a 15 percent drop in net
worth, three times that in the low degree of currency mismatch, and a depreciation of the
real exchange rate of 2 percent, almost four times as much as the low currency mismatch
case. The decline in investment is much larger as well-—more than 3 percent, and even larger
than the decline in U.S. investment (not shown). As a result, home output drops more than
0.30 percent—three times as much as in the frictionless economy. The drop in home output
is more than half the U.S. decline, and is more persistent. Thus, a high degree of currency
mismatch in domestic balance sheets works to significantly enhance the spillover effects of

U.S. monetary tightening.

4.3.1 Spillovers from U.S. tightening under Dominant Currency Pricing

In this section we investigate U.S monetary policy spillovers under the dominant currency
pricing (DCP) assumption. Our baseline model features producer currency pricing (PCP),
in which exchange rate changes are fully passed through to import prices. As a result,
the baseline model incorporates significant expenditure-switching effects (i.e., consumers
switch away from US-produced goods, and toward home-produced goods, following a dollar
appreciation). However, recent empirical evidence suggests that the vast majority of trade is
invoiced in a small number of dominant currencies, with the U.S. dollar playing an important
role (see, for example, Goldberg and Tille (2008), Gopinath (2016) and Casas et al. (2016)).
In the case of DCP, one would expect the benefits to the home economy (in a context of
tightening US monetary policy) through expenditure-switching channels to be weaker than
under PCP.

In order to investigate the consequences of DCP for the U.S. monetary policy spillovers,
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Figure 5: U.S. monetary tightening, PCP vs DCP
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Note: The Figure shows the effects of a U.S. monetary tightening in the economies with high, moderate, and
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effects in a frictionless economy. All variables shown relative to steady state.
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we modify our model such that firms set export prices in the dominant currency (the U.S.
dollar) and change them infrequently, similar to domestic prices. The simulation results are
in Figure 5. We continue to consider monetary spillovers with different degrees of currency
mismatches in balance sheets. For reference, the results under PCP are also shown in Figure
5 (left panel).

Starting with the case of frictionless financial markets (as shown by gray line with aster-
isks), note that under PCP, the exchange rate depreciation due to U.S. monetary tightening
is fully passed through to home export prices, leading to a lower (real) export price of the
home good, Pj;,/P%. By contrast, the movement in export prices under DCP is very small,
leading to a larger decline in home’s real exports.

The DCP assumption has important implications for the degree of amplification due to
balance sheet mismatches. The reason is that under DCP, an exchange rate depreciation
has little benefit in terms of greater exports, while it continues to entail significant financial
tightening (and hence a reduced domestic absorption due to lower investment). As a result,
the financial channel of spillovers turns significantly power powerful under DCP: note that
under DCP, the magnitude of the output drop increases by more with greater balance-sheet
mismatch. In the case of high mismatch, the U.S. monetary policy shock leads to a drop in

home output of roughly the same size as the output decline in the U.S.

4.4 Domestic monetary regimes

The goal of this section is to explore the consequences of monetary regimes that allow
for exchange rate stabilization motives. To build intuition, we begin by documenting the
transmission from domestic monetary policy shocks to the exchange rate. Figure 6 shows
the responses to a 1 percent rise in the domestic policy rate. For comparison, we include the
responses in an economy without financial frictions (shown by the gray line with asterisks).
In the frictionless case, the monetary shock induces a small decline in asset prices, and the
currency appreciates by about 1.5 percent on impact.

In the low currency mismatch case (light blue dashed line), the financial accelerator effect
kicks in. The economy suffers an increase in the currency premium, amid falling net worth
and rising credit spreads. Interestingly, the domestic currency now appreciates a little less in
the short run compared to the frictionless economy. The reason, of course, is the rise in the
currency premium, resulting from the drop in bank net worth. Still, the effect of the latter

on the exchange rate is relatively small. The adverse effect on the currency premium induced
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Figure 6: Domestic monetary tightening
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Note: The Figure shows the effects of a domestic monetary tightening in a frictionless economy (gray line
with asterisks), and in the economies with low, moderate, and high currency mismatch (light blue dashed,
blue solid, and dark blue solid lines, respectively). All variables shown relative to steady state.

by a domestic monetary tightening becomes much larger in the moderate (blue solid line)
and high (dark blue solid line) currency mismatch economies. In the latter case the rise in
the currency premium is enormous, more than 200 basis points annually. As a consequence,
the real exchange rate now depreciates on impact, and remain depreciated in the short run
(for about 4 quarters). Thus, and in sharp contrast to standard monetary models (e.g. Gali
and Monacelli (2005)), a hike in the policy rate leads to a weaker currency in the short run.

We now turn to the question of whether a high degree of banks’ currency mismatch pro-

vides grounds for a domestic monetary policy which attempts to stabilize (to some extent)
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the nominal exchange rate (NER henceforth). We are interested in this question because
balance-sheet currency mismatches are often highlighted as the primary reason why policy-
makers in many emerging markets favor managing the exchange rate (e.g. Reinhart (2000)).
To this end, we assume that domestic monetary policy is described by an interest rate rule
that includes NER:

n n r nT 1= r
Ry = <Rt—1> <Rt > €t
T lﬂl;je (g) -

t B t e

where v, € [0, 1], i.e., the central bank in the domestic economy is assumed to respond to the
NER in addition to domestic inflation, and higher values of 7. represent cases in which the

t.1% This specification

exchange rate stabilization motive of the central bank is more importan
nests the two polar cases of strict inflation targeting (when 7, = 0) and an exchange rate
peg (7. = 1), and allows the parameterization of hybrid regimes of managed exchange rates.

Figure 7 displays the standard deviations of output, inflation and nominal exchange rate
depreciation in an economy with low degree of currency mismatch (light blue dashed line)
and with moderate degree of currency mismatch (blue solid line) for different values of ~..
The economy with low degree of currency mismatch has the lowest output and inflation
volatility for the smallest value of 7., which in turn entail highest exchange rate volatility
(as in Gali and Monacelli (2005)). The same result holds in an economy with moderate
degree of currency mismatch, but with one important difference: As the coefficient on the
NER in the policy rule increases, the implied volatility of output and inflation now rise much
faster, while the benefit in terms of lower NER volatility becomes much smaller (as the curve
in the rightmost plot flattens out when the degree of mismatch rises). This finding suggests
that conditional on U.S. monetary policy shocks, the desirability of gearing domestic mon-
etary policy toward stabilizing the NER may actually diminish with the degree of currency
mismatch in balance sheets, as the gains in terms of NER stability turn smaller at larger
costs in terms of output and inflation instability.

Figure 8 provides a complementary perspective to the finding just described by showing
the effects of a U.S. monetary tightening under different policy regimes in economies with

low, moderate, and high degrees of currency mismatch (shown in the upper, middle, and

15We take this formulation from Gali and Monacelli (2016).
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Figure 7: Standard deviations and different monetary regimes
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Note: The Figure shows the standard deviations of output, inflation, and the nominal depreciation rate for
different values of v, in the economies with low currency mismatch (light blue dashed line), with moderate
currency mismatch (blue solid line), and without frictions (gray line with asterisks).

lower rows respectively). The green lines in Figure 8 display the outcomes conditional on a
relatively small weight on the NER (7. = 0.05) and the blue lines shows them conditional
on a relatively high weight on NER stabilization (7, = 0.40). The rule that gives a higher
weight to NER is successful in moderating the depreciation in the economy with low currency
mismatches: the home currency depreciates about 140 basis points on impact under the rule
with 7. = 0.05, compared to just 60 basis points under the rule with v, = 0.40. The
smaller exchange rate movement, however, comes at the cost of a significantly larger output
contraction, of about 70 basis points. This result accords with the findings by Gali and
Monacelli (2005), who show that policy rules that entail lower output gap volatility (and
thus higher welfare) also entail higher exchange rate volatility.

How does the degree of currency mismatch affect the consequences of following rule with
a higher weight on the NER? Consider first the economy with a moderate degree of currency
mismatch, shown in the middle row of Figure 8. The NER-targeting rule still helps moderate
the movement in the nominal exchange rate, but the gain is now much smaller quantitatively:
the NER depreciates about 200 basis points on impact under the high-v, rule, compared to
240 basis points when 7, is small. Further, the output drop is now much larger—almost four
times as large as under the low-7, rule. Thus, cost in terms of output losses of stabilizing

the NER is considerably higher than in the economy with low currency mismatch. This
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Note: The Figure shows the effects of U.S. monetary tightening under different policy regimes: 7, captures
a regime characterized mostly by domestic inflation targeting, while 7. captures a regime with significant
exchange-rate stabilization motives. The top, middle, and bottom rows refer to the economies with low,
moderate, and high currency mismatch, respectively.

is a consequence of two forces: First, because a domestic monetary tightening raises the

currency premium, the policy rate needs to raise by more, ceteris paribus, to achieve a given
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appreciation. Second, higher degree of currency mismatch implies a larger exchange-rate
depreciation due to a U.S. rate hike of a given size.

These basic forces play out in a much more dramatic way in the economy with high degree
of currency mismatch, shown in the bottom row. Because raising the domestic policy rate
now induces a currency depreciation in the short run (due to an enormous upward movement
in the currency premium), attempting to defend the currency turns out to be disastrous in
this case. With high 7. the monetary authority raises policy rates sharply, inducing an
enormous output decline; and it still does not succeed in halting the depreciation, with the
currency falling by almost ten percent in the short run, more than twice as much as under
the baseline rule with a smaller weight on the NER.

Taken together, the findings above cast doubt on the conventional argument that currency
mismatch provides grounds for a rule that includes exchange rate: even when the degree of
currency mismatch is low, the rule stabilizes the NER by less at the cost of a larger decline in
output. In the more extreme case of high currency mismatch, the rule implies an enormous

output drop, and actually fails at moderating the short-run depreciation.

5 Empirics: Credit Spreads and Exchange Rates

Standard open economy macroeconomic models with either complete or incomplete inter-
national financial markets, such as Gali and Monacelli (2005), assume UIP condition holds.
This means that expected exchange rate depreciation in one country has to be equal to the
difference between its short term interest rate on its deposits and the corresponding interest
rate that a typical investor would earn if he invested in short term deposits in the other
country; i.e, there are no ex ante excess returns from holding deposits in one country relative
to another.!® However, the failure of the UIP condition in the data is a long-standing and
well documented puzzle in international finance (see, for example, the seminal contribution
of Fama (1984) and the excellent survey paper by Engel (2014)).

The UIP wedge or the currency premium in our model arises endogenously due to balance
sheet constraints faced by the banks and it is strongly linked to domestic credit spreads in
the home country. To provide evidence that there is empirical connection between the UIP

spreads and credit spreads, we run the following regression using both the actual data and

16Note that open economy macroeconomic models with incomplete financial market models assume an
ad-hoc foreign exchange risk premium solely for the purpose of rendering stationarity which does not play
significant role in the determination of exchange rates.
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Table 2: Currency Premium and Credit Spreads

Explanatory Variables Data Model

Interest diff., (i; — ;) 1.16™ 0.00
(0.23)

Credit Spreads, C'S; 2.15"** [0.34 — 1.33]
(0.80)

Global Risk, VIX; 0.31*** —
(0.01)

Country Fixed Effect Yes

Time Fixed Effect Yes

Method Pooled OLS

R? 0.60

# of Observations 410

Notes: Countries included in the pooled OLS regression are Korea, Brazil, Mexico, Chile,
Indonesia, Colombia,Thailand and Turkey. This table presents estimates of a, b and ¢ from the
regression e; — epy1 + (it —if) = a + b (iy — if) + ¢CSy + dVIX; + upy1. The standard errors
for the panel estimations are computed according to the Driscoll and Kraay (1998) method
that is robust to heteroskedasticity, serial correlation and contemporaneous correlation across
equations.

the model simulated data:

\Gt — €11 + (lt —Z:) = G+b(lt —Z:) +COSt+dV]Xt+Ut+1 (24)

J/

log(pf)

where the dependent variable is the empirical counterpart of the logarithm of excess currency
premium, p*. The variable 7; is the home one period nominal interest for deposits that pay
off in period t+1 and 7} is the corresponding US interest rates. We denote nominal exchange
as e, the log of the foreign exchange rate, expressed as home currency price of the U.S. dollar
(increase means a depreciation of home currency). The variable, C'S;, stands for corporate
credit spreads and VX, is included in the regression as a proxy for global risk which is

shown to be important driver of global asset prices (see, for example, Rey (2015)).
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Table 2 presents our estimation results for the 1995-2017 period using quarterly data. As
a reference, the same table also shows the results from the model simulated data.!” As shown
in the second column of Table 2, the empirical regression predicts that there is very tight and
significant relationship between the UIP wedge and the credit spreads, as in the model, even
after controlling for several factors such as interest rate differential and a measure of global
risk.!® These results are also broadly consistent with the empirical findings documented in
Corte et al. (2015) and Hofmann et al. (2016).

6 Conclusion

We have developed a medium-scale quantitative New Keynesian model representing the
U.S. economy and an emerging market economy. The latter is subject to financial frictions
and dollar denominated debt in the balance sheets of banks, which gives rise to a self-
reinforcing feedback loop between currency premium, exchange rate and financial conditions.
We investigated the consequences of this mechanism for spillovers from U.S. monetary policy
shocks and desirability of mitigating exchange rate depreciations using domestic monetary
policy.

We showed that our model economy, which is reasonably calibrated to represent the
U.S. economy and an emerging market economy, predicts that expenditure-switching and
expenditure-reducing channels broadly cancel each other and U.S. monetary spillovers are
larger for economies with larger dollar denominated liabilities (i.e. financial spillovers deter-
mine the overall size of spillovers).

Regarding the desirability of mitigating exchange rate fluctuations, our results call into
question the common view. Our findings suggest that using monetary policy to stabilize the
exchange rate is not necessarily more desirable with greater balance sheet mismatches, and

may actually exacerbate short-run exchange rate volatility.

I"The regression coefficient on model-simulated data depends on the degree of currency mismatch. Higher
currency mismatch case has higher elasticity of the currency risk premium with respect to credit spreads, as
given by the upper bound of the interval.

8The results do not change if we include the lagged dependent variable and lagged credit spreads in the
regressions.
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A Details on simple model

A.1 Aggregate resource constraint

Here we derive the balance of payments equations (9), (10) by aggregating domestic

budget constraints. The term m; in (7) is

T = / {(Tk +q)Sit-1 — RDy—y — R" D}, | — §it}di
= (Tk + Qt)F —RD; 1 — R* QtD;fk_1 - /fz‘tdi

=r.K — RD,_, — R*Q,D} | + D, + Q,D;}

where the second equality uses the bank’s budget constraint (1). Substituting the above

equation into households’ budget constraint at equality yields
Cpt + QiMcy = Wtf + TkF - R QtD;;l + QtD:

Using the market-clearing condition for the home good Cp;+ M, = Y; and the zero-profit
condition for home firms Y; = W;L + r. K in the equation above yields (9) and (10).

A.2 Steady state

The deterministic steady state can be solved in closed form:

)
(& )L

oo (9 — 1) v (4-2)
8

q= n lﬂL,B T (A.3)
I
x—1 T

o-— (8 1))<qu + Xom (A1)

From (A.1), § < * ensures p > 0. A binding incentive constraint requires

9—u:8—(1—§>%>0
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i.e. # must be large enough, given 3, 3*, and . For the foreign borrowing ratio x to be

positive in steady state, the parameters need to satisfy

6\ 1
0—u=0— _ )z
> " <1 *)7

i.e. & (the steady-state net worth transfer, as a fraction of the capital stock) must be large

enough. In addition, for x to be smaller than 1 the condition

5<u+wwe—M—wl+w<e—(r—§)§>

must be satisfied, i.e. £ cannot be too large.

A.3 Loglinearized equilibrium conditions

Let 3 = log (%) and y; = y; — y for any variable 1;, where variables without time
subscripts refer to the non-stochastic steady state. A first-order approximation to (11)-(15)

yields the following system of difference equations:

~ 00—z yxz§
=T S e (4.5)
T = @t + ﬁf — @ (A.6)
@t = ’Y%ﬁt + E; {@t+1} (A~7)
&=~ T () (A5)
qt = 1+Mﬂt 114 t 149t+1 .
R R 1 ~
D: = —5Qt + ED’?_I (Ag)
where
1
gzﬁiﬁ;ﬂ (A.10)

Next let § — B* from below (which implies y — 0 from above, as can be seen from (A.1)),

(
and assume X, = Xm = X (
1
B*

symmetric preferences over the foreign good). In addition,

normalize K such that ¢ = L — 1, which from (A.10) entails ensuring that Q = 2, in turn
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requiring from (A.3),(A.4) that K be set so as to satisfy

oK =4
x
with = given by (A.2), where we have made use of the expression for the capital return
re = a(K/L)* ! and the normalization L = 1. Note from (10) that @ = 2 makes the
elasticity of net exports to Q; equal to unity. Under these assumptions, equations (A.5),

(A.7)-(A.9) simplify to

- 0~ 0 ~
Mt = ——ft + —(6 - 9)1} (A.ll)
& &
Qr = e + Ey {Qt+1} (A.12)
@ = — e + BE {G+1} (A.13)
Dy =—r"Q,+ (1 + 1Dy, (A.14)
where 7* = L — 1 denotes the net foreign interest rate, and where we have made use of

= 5
(A.2) in going from (A.5) to (A.11).

B Data

This section review the data sources used in analysis of section 5. More specifically, below
is information on the exchange rates, interest rates and corporate spread data used in the
empirical analysis. Countries are included in the data set when the currencies have a flexible
currency regime (or, fluctuations in exchange rate is contained in a band that is wider than
plus and minus 2 percent according to the definition given in Ilzetzki et al. (2017). The
start data of the data is different for each country. Data ends in November 2017. For Fama
regressions, data sets are constructed using the last trading day of the month (quarter) for

if the regression is monthly (quarterly).

Exchange Rates

Exchange rates are end of day spot rates from Bloomberg and are measured in units of

foreign country / USD.
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Interest Rates

Interest rates are 1M deposit rates and follow conventions from Exchange Rates, Interest
Rates, and the Risk Premium paper by Engel (2016). For Turkey, Brazil, Indonesia, Singa-
pore, interest rates are the average of offer and bid rates of 1Month Deposit rates. For Chile,
Colombia, Thailand, Korea and Mexico, Uruguay and the Philippines data are 1 Month
deposit rates from Haver. We also used 3M deposit rates in the regressions and the results

do stay the same.

Corporate Spread Data

We use the BBB corporate spread data for Brazil, Korea, Mexico, EMBI data for Chile,
Indonesia, Thailand, Uruguay, and EMBI+ for Colombia, Philippines, South Africa, Turkey.

These data are retrieved from Bloomberg.

43



	Introduction
	Simple Model
	Banks
	Households and export demand
	Equilibrium conditions
	Effects of drop in net worth

	Full Model
	Banks
	Balance sheet and net worth evolution
	Optimization problem

	Employment agencies
	Domestic households and wage setting
	Foreign (U.S.) households
	Firms and price setting
	Capital producers
	Domestic market clearing, BOP, and monetary policy rule

	Model Analysis
	Calibration
	Drop in aggregate net worth
	Spillovers from U.S. tightening
	Spillovers from U.S. tightening under Dominant Currency Pricing

	Domestic monetary regimes

	Empirics: Credit Spreads and Exchange Rates
	Conclusion
	Details on simple model
	Aggregate resource constraint
	Steady state
	Loglinearized equilibrium conditions

	Data

