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Abstract

We study how real exchange rate dynamics are affected by monetary policy in dynamic,
stochastic, general equilibrium, sticky-price models. Our analytical and quantitative re-
sults show that the source of interest rate persistence — policy inertia or persistent policy
shocks — is key. In the presence of persistent monetary shocks, increasing policy inertia
may decrease real exchange rate persistence, hampering the ability of sticky-price models

to generate persistent real exchange rate deviations from parity.
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1 Introduction

The open economy macroeconomics literature has struggled to develop models that can replicate
the empirical evidence of high persistence and volatility of real exchange rate (RER) fluctuations
in response to shocks — in particular, to monetary shocks. This difficulty came to be known
as the Purchasing Power Parity (PPP) puzzle, as put forth by Rogoff (1996). Within this
literature, Engel (2012) and Benigno (2004) highlight the interaction between monetary policy
and price stickiness. In a standard one-sector sticky-price model, they find that price stickiness
only matters for real exchange rate persistence when monetary policy features policy inertia.
In that context, if the degree of policy inertia is strong enough (i.e., the smoothing component
of the interest rate rule followed by the monetary authority is large), the model can generate
some persistence in the dynamic response of the real exchange rate to monetary policy shocks
that are serially uncorrelated.

The empirical macroeconomics literature, however, shows an ongoing debate about the
source of interest rate persistence observed in the data. For example, Rudebusch (2002) pro-
vides evidence that it arises mainly from persistent monetary shocks, whereas Coibion and
Gorodnichenko (2012) point to policy inertia as the main source of interest rate persistence.
Both papers provide some evidence that monetary policy rules likely feature both sources of
persistence.

In this paper we study the extent to which the modeling choice for the source interest rate
persistence matters for real exchange rate dynamics in sticky-price DSGE models. To do so,
we study versions of the two-country multisector model of Carvalho and Nechio (2011) with
different specifications of the monetary policy rule. That model produces empirically plausible
real exchange rate dynamics in response to nominal aggregate demand disturbances. We drop
the assumption of an exogenous nominal aggregate demand process in favor of explicit monetary
policy rules. In particular, we use a standard Taylor (1993) rule, and allow for persistent
policy shocks and /or policy inertia (interest rate smoothing) as possible sources of interest rate
persistence. Whereas the model of Carvalho and Nechio (2011) features heterogeneity in the
degree of price stickiness across sectors, to relate our findings to Engel (2012) and Benigno
(2004), we also entertain one-sector versions of the model, in which the degree of price rigidity
is the same for all firms.

We find that the source of interest rate persistence — policy inertia or persistent policy

!Benigno (2004) studies a one-sector model in which he allows the frequency of price changes for exporting
goods to differ from the frequency for domestic price setting. He also allows for an asymmetry in the frequency
of price changes across countries. He shows that when this heterogeneity leads to different frequencies of price
changes within a same country (due to differences in frequencies for varieties produced by local versus foreign
firms), the real exchange rate becomes more persistent.



shocks — matters a great deal. Quantitatively, persistent policy shocks go a long way in
generating real exchange rate persistence. When the model features heterogeneity in frequency
of price adjustment, a calibration that matches the U.S. distribution of price stickiness is able
to match the empirical properties of the RER impulse response function. In contrast, policy
inertia leads the model to produce low levels of real exchange rate persistence. In fact, if the
policy rule followed by the monetary authorities has too strong an interest rate smoothing
component, even the multisector sticky-price model fails to generate meaningful real exchange
rate persistence in response to monetary shocks.

Note that, while our finding that policy inertia hampers the ability of the model to generate
RER persistence may seem to contradict the results in Engel (2012) and Benigno (2004), this is
not the case. Consistent with those papers, in response to i.i.d. policy shocks, we find that real
exchange rate persistence is increasing in the degree of policy inertia. Likewise, absent policy
inertia, RER persistence increases with the degree of (positive) autocorrelation of monetary
shocks. These results hold for both multisector and one-sector versions of our model.

When both policy inertia and persistent monetary shocks are present, however, the compar-
ative statics results become richer. If the degree of (positive) serial autocorrelation of monetary
shocks is not too high, RER persistence continues to increase with the degree of policy inertia.
Hence, the findings of Engel (2012) and Benigno (2004) extend to the case of not-too-persistent
monetary policy shocks. However, this ceases to be true when monetary shocks are persistent
enough. In that case, introducing policy inertia decreases RER persistence. We show these
results analytically in a simplified one-sector model, and confirm that they continue to hold in
our calibrated multisector and one-sector economies.

Intuitively, the source of interest rate persistence affects the endogenous response of the
main model variables and, therefore, it affects the persistence of the real exchange rate re-
sponse to monetary shocks. This holds in both one-sector and multisector economies. In a
multisector economy, the dynamics of the real exchange rate also depend on the distribution
of price stickiness. Analytically, in a two-sector economy, we show that the dynamics of the
real exchange rate depend on relative sectoral prices. In this two-sector economy, relative sec-
toral prices determine the ability of the multisector economy to yield a hump-shaped impulse
response functions, which is key to matching the empirical evidence of persistent deviations of
RER from parity in response to monetary shocks (Cheung and Lai, 2000, Steinsson, 2008, and
Iversen and Soderstrom, 2014).

Although we focus our analysis on open economy models, our lessons are not limited to this
context. As highlighted by Engel (2012), the lessons apply to some closed-economy models that

are isomorphic to their open-economy versions. Moreover, lessons from open-economy models



such as the ones we analyze are likely to hold approximately in their closed-economy versions
whenever the degree of home bias in consumption is large enough. In those cases, the effects
of different monetary policy rules should show up in the dynamics of real variables such as
consumption and output. Overall, our results on the different effects of alternative choices for
the source of interest rate persistence in the model highlight the importance of the empirical
debate on this issue (e.g. Rudebusch, 2002, and Coibion and Gorodnichenko, 2012).

Finally, besides the connection with Benigno (2004) and Engel (2012), our paper is related
more broadly to the literature that uses dynamic sticky-price models to study the persistence of
real exchange rates, such as, among others, Bergin and Feenstra (2001), Kollmann (2001), Chari,
Kehoe and McGrattan (2002), Steinsson (2008), Johri and Lahiri (2008), Martinez-Garcia and
Sendergaard (2013), and Iversen and Soderstrom (2014).

In Section 2 we present the model, details of the calibration, and a quantitative analysis of
the effects of different monetary policy rules on RER dynamics. Section 3 derives analytical
results for a simplified version of the model, which show that RER persistence may decrease
in the presence of policy inertia. We follow with a discussion of the mechanisms behind our

findings. The last section concludes.

2 The model

Rogoff (1996) detailed the challenges faced by the theoretical literature in trying to match
features of the response of RERs to monetary shocks. In particular, standard (one-sector)
New Keynesian models have a hard time replicating the large persistence (and volatility) of
real exchange rates in response to monetary shocks. Within this literature, Engel (2012) and
Benigno (2004) use a standard (one-sector) New Keynesian model and show that the interaction
between monetary policy and price stickiness matters for the dynamics of the real exchange
rate when monetary policy features policy inertia. Engel (2012) and Benigno (2004)’s results,
however, corroborate those of Rogoff (1996) in that they also find that the model-implied real
exchange rate persistence (in response to monetary shock) falls short of matching the empirical
evidence.

Carvalho and Nechio (2011), on the other hand, argue that a multisector two-country New
Keynesian economy (calibrated to match the U.S. distribution of price stickiness) goes a long
way toward replicating the dynamic features of the RER response monetary shocks. The
authors, however, focus on a model that leaves the monetary policy rule implicit by setting an
exogenous specification for nominal demand.

In what follows, we bridge the gap between the contributions of Engel (2012), Benigno



(2004) and Carvalho and Nechio (2011) by departing from the latter multisector model while
considering, instead, alternative specifications for the policy rule. We then use the quantita-
tive analysis as a guideline for the subsequent discussion about how the source of monetary
persistence matters in these models.

For brevity, we provide some key ingredients of the multisector model of Carvalho and
Nechio (2011). We depart from their model by introducing an explicit monetary policy rule in
place of an exogenous specification for nominal demand. For additional details on the model,
we refer the reader to their paper.

The world economy consists of two symmetric countries, Home and Foreign. In each country,
identical consumers supply labor to intermediate firms that they own, invest in a complete set
of state-contingent financial claims, and consume a nontraded final good. The latter goods
are produced by competitive firms that combine intermediate varieties produced in the two
countries. In turn, these varieties are produced by monopolistically competitive firms that are
divided into sectors that differ in their frequency of price changes, which is the only (ez-ante)
source of heterogeneity in the model. Intermediate firms can price-discriminate across countries
and set prices in local currency.

The Home representative consumer chooses consumption of the final good, C}, and total

labor supply N, to maximize:

00 Cl*ﬂ' o 1 N1+'7
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subject to the flow budget constraint:
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and a standard “no-Ponzi” condition. ©,; = Hl,:tJrl Op_1, Ey denotes the time-t expectations

operator, W, is the corresponding nominal wage rate, and 7; stands for net transfers from the
government plus profits from Home intermediate firms. The final good sells at the nominal price
P,, and By, accounts for the state-contingent value of the portfolio of financial securities held
by the consumer at the beginning of ¢+ 1. Under complete financial markets, agents can choose
the value of B;y; for each possible state of the world at all times. A no-arbitrage condition
requires the existence of a nominal stochastic discount factor O, that prices, in period ¢,
any financial asset portfolio with state-contingent payoff B,,; at the beginning of period ¢ + 1.2

Finally, 3 is the time-discount factor, o' denotes the intertemporal elasticity of substitution,

2To avoid cluttering the notation, we omit explicit reference to the different states of nature.



and v~ ! is the Frisch elasticity of labor supply.

The Foreign consumer solves an analogous problem and maximizes:
0 O*l—a -1 N*l-‘r’y
E t t o t
2 (T ),

By B
st. BOy+E [ :,t+1;:_1rl] < WiN; + 5: + 17,

and a “no-Ponzi” condition. A superscript “«” denotes the Foreign counterpart of the cor-
responding Home variable. Without loss of generality, we assume that the complete set of
state-contingent assets are denominated in the Home currency. As a result, in the budget con-
straint above, B; appears divided by the nominal exchange rate, &, to convert the value of
the portfolio into Foreign currency. &; is defined as the price of the Foreign currency in terms
of the Home currency, hence, it is quoted in units of Home currency per unit of the Foreign
currency. Under complete markets and free trade of assets there are no arbitrage opportunities,
and hence, the stochastic discount factor has to be the same for both countries.

Defining Q; = Et%’: as the real exchange rate, and assuming QOCCSO—: = 1, from Home and

Foreign Euler equations one obtains:
G
=

Q (1)

A representative competitive firm produces the final good, which is a composite of varieties
of intermediate goods from both countries. Monopolistically competitive firms produce each
variety. The latter firms are divided into sectors indexed by s € {1,...,S}, each featuring a
continuum of firms. Sectors differ in the degree of price rigidity, as we detail below. Overall,
firms are indexed by the country where they produce, by their sector, and are further indexed
by j € [0,1]. The distribution of firms across sectors is given by sectoral weights fs; > 0, with

Zsszl fs=1

The final good combines the intermediate varieties according to the technology:



where Y; is the Home final good, Y is the aggregation of sector-s Home and Foreign interme-
diate goods sold in Home, Yy s, and Y, are the composites of intermediate varieties produced
by firms in sector s in Home and Foreign, respectively, to be sold in Home, and Yy, and
Yrs,j+ are the varieties produced by firm j in sector s in Home and Foreign to be sold in Home.
The parameters n > 0, p > 0, and 6 > 1 are, respectively, the elasticity of substitution across
sectors, the elasticity of substitution between Home and Foreign goods, and the elasticity of
substitution within sectors. Finally, w € [0, 1] is the steady-state share of domestic inputs.

A representative Home final-good-producing firm solves:

S 1

max PY; - s / (PH,s.jt Y55t + PrsjtYrsi) dj
s= 0

st (25,

where Pp s j, is the price charged in the Home market by Home firm j from sector s, and Pr ;¢
is the price charged in the Home market by Foreign firm j from sector s. Both P, ;: and
Pr i+ are set in the Home currency.

Monopolistically competitive firms produce varieties of the intermediate good by employing
labor. As in Carvalho and Nechio (2011), these firms set prices as in Calvo (1983). The
frequency of price changes varies across sectors, and in each period, each firm j in sector
s changes its price independently with probability a,. This is the only source of (ez-ante)
heterogeneity.

At each time a Home-firm j from sector s adjusts its price, it chooses prices Xg s ¢, Xpr 4
to be charged in the Home and Foreign markets, respectively, with each price being set in the

corresponding local currency. The maximization problem is:

o0
l
max Be Y Oust (1= 00)' | XiggaVirwpint + EusiXip s Vit sont — WertNegas |
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* — X
st Yusjt +Yns0 =N

2j+»and demand for intermediate inputs, (6)

where y determines returns to labor.

Finally, the market clearing conditions for Home include N; = Zle fs fol N j+dj, and
likewise for Foreign.

Note that when all sectors have the same frequency of price adjustment, the multisector
economy becomes a standard one-sector sticky-price model. In our quantitative analysis, we
consider a one-sector economy with frequency of price changes equal to the average frequency

of adjustments in the multisector economy, i.e., @ = Zle fsaus.



2.1 Monetary policy

To close the model we specify a monetary policy rule. We consider a Taylor-type interest rate

rule of the form:

P (1=pi)pr GDP, (1—pi)py
N Rt

L = B (1) ( B GDP

Vy = ,Ovvtfl—i_o-evgv,t?

where I; is the nominal interest rate on one-period riskless bonds at time t, GDP, = Y; +
S f(s) fol Vi oiudi — S5 F(8) fy Y jsdj is gross domestic product,> GDP denotes gross
domestic product in steady state, p;, ¢, and ¢y are the parameters associated with the interest
rate rule, v; is a shock with persistence p, € [0,1), and €, is a zero mean, unit variance 7.i.d.
shock. We assume throughout that monetary policy in Foreign follows an analogous rule as in
Home, and that monetary shocks are uncorrelated across the two countries.

We solve the model by log-linearizing around a zero-inflation steady state. For more details

about the model and solution, we refer the reader to Carvalho and Nechio (2011).

2.2 Quantitative results

To parameterize the model, we follow Carvalho and Nechio (2011) (and the literature therein)
and set 0! to 1/3, the (Frisch) labor supply elasticity () to unit, labor share x to 2/3, and the
consumer’s time preference rate to 2% per year. The elasticity of substitution between varieties
within sectors is set to # = 10, the elasticity of substitution between Home and Foreign goods
is set to p = 1.5, the elasticity of substitution between varieties of different sectors is set to unit
(n =1),* and the share of domestic goods is set to w = 0.9.°

The parameterization approximates the U.S. empirical distribution of price stickiness re-
ported by Nakamura and Steinsson (2008). In particular, departing from the 67-category distri-
bution of price stickiness used in Carvalho and Nechio (2011), we use the methodology described
in Carvalho and Nechio (2017) to construct a three-sector distribution that allows us to bypass
the large computational cost of working with such large-scale models. More importantly, this
approximation is such that the dynamic properties of aggregate variables in the multisector
economies calibrated using the original and the three-sector approximate price distributions
are extremely similar. Carvalho and Nechio (2017)’s approximation entails choosing frequen-

cies of price changes and sectoral weights in the three-sector model to match moments of the

3The definition of GDP follows Chari, Kehoe and McGrattan (2002).
4Following Hobijn and Nechio (2017).
®Carvalho and Nechio (2011) provide more details on the choices for these parameter values.



cross-sectional distribution of price stickiness of the original 67-sector economy. This method
yields a three-sector distribution that, as the original one, features prices changing, on average,
once every 4.7 months, the cross-sectional average of duration of price spells at 13.6 months,
the cross-sectional standard deviation of durations at 11.7 months, the cross-sectional skewness
of durations at 1.3 months, and the cross-sectional kurtosis of durations at 5.2 months.°
Turning to the specifications for monetary policy, we set ¢, = 1.5, ¢y = 0.5/12, which
are standard values for Taylor rules. We consider cases with persistent shocks only (p, > 0,
pi = 0), policy inertia only (p, = 0, p; > 0), and with both persistent shocks and policy inertia
(pv, pi > 0). We use the model with no policy inertia as a reference point, and calibrate p, to
generate plausible RER dynamics. In particular, we choose p, to closely match the empirical
half-life of deviations of RER from parity, in addition to roughly matching more nuanced
features of the underlying empirical impulse response function. More specifically, we choose p,
to match empirical moments of the real exchange rate as reported in Steinsson (2008). These
moments are reported in the first column of Table 1. This calibration yields p, = 0.975, which
corresponds to roughly 0.9 at a quarterly frequency. Given this value, the other two cases
featuring interest rate smoothing are meant to illustrate the effects of policy inertia. In Section

3 we extend the comparative statics and consider different parameterizations for p; and p,.

Table 1: RER moments under alternative monetary policy specifications

Data Multisector economy One-sector economy

Persistence pv = .975 pv =10 pv =975 py, = .975 po =20 Pv = .975
measures: pi =0 pi =.975  p; = .975 pi =0 pi =.975  p; = .975

(1) (2) 3) (4) (5) (6) (7)
HL 54 53 6 8 28 4 4
oL 76 83 17 29 55 8 8
ur 28 22 0 0 0 0 0
CIR 80 71 14 24 40 6 7
o1 0.8 0.9 0.7 0.7 0.8 0.6 0.6

Note: The column labeled as “Data” shows the statistics obtained Steinsson (2008). The remaining columns
report model-based statistics for different assumptions for monetary shock persistence and policy inertia.

Table 1 reports the results for different versions of the model. In terms of persistence,
it shows results for the half-life (HL) of RER deviations from parity, the quarter-life (QL),
the up-life (UL) of those deviations, and the cumulative impulse response (CZR). Results

for all four measures are reported in months. The quarter-lives and the up-lives are meant

SExpenditure weights are f; = 0.3815, fo = 0.4588, f3 = 0.1598, and the Calvo parameters are a; = 0.4524,
as = 0.0725, ag = 0.0338.



to provide a better picture of the shape of the impulse response function. They correspond
to, respectively, the time it takes for the impulse response function to drop below 1/1 of the
initial impulse, and the time it takes for the real exchange rate to peak after the initial response.
Hence, a hump-shaped impulse response function yields a nonzero up-life ((/£). The cumulative
impulse response (CZR) measures the area under the impulse response function. Table 1 also
includes the first-order autocorrelation of the real exchange rate (p;), as an additional measure
of persistence.”

The first column of Table 1 shows empirical measures of persistence taken from Steinsson
(2008), obtained by fitting simple time-series processes to RER data. These estimates imply
that RER deviations from parity are long-lasting — within the 3-5 year “consensus” (Rogoff,
1996) — and yield a hump-shaped impulse response function.

Columns (2), (3) and (4) present the results for the baseline multisector model for three
monetary policy specifications, respectively; (i) persistent shocks only (p, = 0.975, p; = 0),
(7) policy inertia only (p, = 0 and p; = 0.975), and (4ii) both (p, = 0.975 and p; = 0.975).
Columns (5), (6) and (7) present report the results for one-sector economies.

The results for multisector and one-sector models in Table 1 echo the findings of Carvalho
and Nechio (2011). Multisector models significantly increase real exchange rate persistence
when compared to their one-sector counterparts. In addition, in the case of persistent shocks
only, the calibration of the multisector model produces RER dynamics that resemble the data
along various dimensions of the underlying impulse response functions (i.e., HL, QL, and UL).

A comparison of the three versions of the multisector economies, however, shows that the
ability of the multisector model to generate empirically plausible RER dynamics disappears
when the policy rule features policy inertia, as evidenced by columns (3) and (4) of Table 1.
Columns (5) to (7) of Table 1 show that the RER persistence in the one-sector versions of the
model also drop dramatically in the presence of a high degree of policy inertia.

It is clear from these results that the source of interest rate persistence matters a great deal
for the dynamics of the RER in DSGE models. In both the multisector and the one-sector
economies, introducing policy inertia to a model that features persistent shocks reduces RER
persistence. This is evidenced in Table 1 by comparing, for example, columns (2) and (4) in

the multisector economy, as well as columns (5) and (7) in the one-sector economy.

"Following Chari, Kehoe and McGrattan (2002), the first-order autocorrelations are based on Hodrick-
Prescott (HP) filtered model-generated and realized data. To obtain this measure using realized data, we
average the real exchange rate and the real GDP over three-month periods to obtain a quarterly series, to which
we apply an HP filter with bandwidth 1600. For the model generated series, we simulate 100 replications of
each economy with 508 observations each. After dropping the first 100 observations (yielding a sample of 408
observations, as in the data column), we average each series over three-month periods to obtain a quarterly
series, to which we apply the HP filter.
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An additional feature of the multisector model with no policy inertia is that it is able
to produce empirically plausible real exchange rate persistence measures and roughly match
other properties of the impulse response function. One-sector economies and versions of the
multisector one in which the policy rule features interest rate smoothing fail to do so. Notice
that up-life (L) is nonzero exclusively in the multisector model with persistent monetary
shocks only (column (2)).

Hence, there are two main takeaways from this calibration exercise. First, in both one-sector
and multisector models policy inertia can decrease RER persistence. Second, a multisector
economy that features persistent enough shocks (and no policy inertia) is able to generate
impulse response functions that replicate the empirical properties of the response of RER to
monetary shocks; 7.e., high persistence and a hump-shaped response. In the next section, we
further analyze these two findings, one at a time.

Finally, we note that in this exercise we follow the literature and compare unconditional
data moments with model-implied moments generated by monetary shocks only. Appendix
A provides the alternative exercise in which we match empirical RER moments conditional
on identified monetary policy shocks to model-implied moments. To that end, we assess the
dynamic properties of the real exchange rate in response to identified monetary shocks by
revisiting the structural vector autoregression model of Eichenbaum and Evans (1995). In
particular, we extend their sample from 1990 to 2007 and estimate the response of the RER of
various countries to identified shocks to the Federal Funds Rate. Conditional RER moments do
differ from unconditional moments that the literature has focused on. The dynamic response
of RERs to monetary policy shocks is even more persistent than its unconditional dynamics.
However, the lessons from our analysis of the different versions of the model are unchanged,
irrespective of whether we discipline the reference model using unconditional or conditional

RER moments.

3 The role of monetary policy

Engel (2012) and Benigno (2004) find that real exchange rate persistence increases with the
degree of policy inertia (p;). Table 1, on the other hand, shows cases under which the inclu-
sion of policy inertia decreases RER persistence. In this section we investigate this apparent
discrepancy.

First, using calibrated models, we show that whether RER persistence increases or decreases
with the degree of policy inertia depends on the level of shock persistence in both one-sector

and in multisector models. Then, we use a simplified version of the one-sector model to show
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analytically that RER persistence may indeed decrease in the presence of policy inertia. Finally,
we use a simplified two-sector economy to show how heterogeneity in price rigidity endows the
model with the ability to yield a hump-shaped RER impulse response function, which is key to

replicating the empirical properties of the response of the RER to monetary shocks.

3.1 Comparative statics in calibrated models

Varying policy inertia (p;) when monetary shocks are:

(a) ¢.3.d. (p, =0) (b) persistent (p, > 0)

RER persistence - 3-sector vs 1-sector economies RER persistence - 3-sector vs 1-sector economies
Varying p; when p,=0 Varying p; when p, =0.975

uL HL UL HL
8 8 30 60
7 7

25 50
6 6 3-sector
5 3-sector 5 40
4 4 30
3 3
2 __ _lsector_| , 20
1 1 . 10
0 Srsector 0 T ] Tisector _ __
1-sector 0
1 -1
2 2 -5 10
8 8 ¢ % 8 8 § 8 8 8 & 8 8 8§ 8 8 ¢ % 8 8 § 8 8 8 k& 8 8 8§
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Figure 1: Up- and half-lives in response to monetary shocks for varying degrees of policy
inertia

Figure 1 presents RER persistent measures for varying degrees of policy inertia (p;) and
alternative specifications for shock persistence (p,) in calibrated models.® Dashed lines indicate
one-sector economies, whereas solid lines correspond to the three-sector models. The figure
reports up-lives (L) and half-lives (HL). The left-hand-side panel assumes i.i.d. monetary
policy shocks (p, = 0), while the right-hand-side panel assumes a persistent monetary shock (in
this example, with p, = 0.975). For brevity, other measures of persistence and other pairings
of monetary policy parameters are reported in the Appendix Figures A2 and A3.

The left-hand-side panel shows that, in line with Engel (2012) and Benigno (2004), RER
persistence increases with the degree of policy inertia (p;) when monetary shocks are serially
uncorrelated. For 4.7.d. monetary shocks, this pattern holds for both measures of persistence in

both the multisector and the one-sector economies.? The right-hand-side panel, however, shows

8 All other parameters are held constant at values described in Section 2.2.
90ther measures of persistence show qualitatively similar results. See Appendix Figures A2 and A3.
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that results can change dramatically when monetary policy shocks are serially correlated. In this
case, increasing the degree of policy inertia decreases RER persistence in both the multisector
and the one-sector economies.

These panels also show that only the multisector model with a low degree of policy inertia
is capable of generating nonzero up-lives (right panel). In other words, one-sector models fail
to produce a hump-shaped impulse response function. As we discuss in Section 3.2, this is key
to understanding the mechanism through which different monetary policy specifications affect

RER dynamics in these models.

3.2 Analytical results in a one-sector model

In this section we make a set of simplifying assumptions to obtain some analytical results. In

particular, we consider a one-sector economy with no home bias (w = 0.5), constant returns to

labor (x = 1), and infinite Frisch elasticity of labor supply (v = 0). These simplifications allow

us to write the model with three equations for each country: a Phillips curve; an aggregate

demand (derived from each countries’ Euler equation); and an interest rate rule. As in Engel

(2012), we can then solve the model by rewriting it in terms of deviations between Home and
x

Foreign variables, where for any variable x, dx; = xy — x; — 1i.e., the difference between each

variable’s Home and Foreign counterparts. These simplifications yield:

drmy = g+ BEidmiy (8)
Bdiy = Eqi1 — ¢ + Eydmpy, 9)

where § = 5‘(1_16#%_6“)) and @ = X%, fia, (as defined in Section 2). Equation (8) corresponds
to the difference between Home and Foreign’s Phillips curves. Equation (9) corresponds to the
difference between Home and Foreign’s Euler equations.

Assuming the same interest rate rule for both countries, equation (7) yields:
diy = pidiz—y + (1 — p;) drdmy + vy, (10)

where v; follows an AR(1) process with parameter p, € [0,1). Appendix B.1 provides details

on the derivation of these three equations and the model solution.

Proposition 1 The solution to the simplified model (equations (8)-(10)) takes the form:

G = Pglt+ Vgdir—1 (11)
dﬂ-t = (pwvvt_‘_’%rdit—la (12)
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where Yqu, Prvs Vr» Vg are negative coefficients.

Corollary 1 Under the assumptions above, the cumulative impulse response function of the

real exchange rate equals:

o 1 Vq (1 + (1 — pi) ¢7r907rv>
CIR (q) B 1 - Pu (1 * Soqv (1 - pi) (1 - ¢7r7ﬂ'> ) ‘ (13)

From Corollary 1, in the absence of policy inertia (p; = 0), 7, = 7= = 0, and, hence,
CIR (q) = ﬁ. In this case, as in Engel (2012), persistence does not depend on price stickiness.
When p; > 0, however, CZR (q) is given by equation (13), which is implicitly a function of price
stickiness, as well as other parameters of the model.

From Proposition 1, v,/¢,, > 0, and (1 — p;) (1 — ¢»7,) > 0. Hence, whether CIR (q) 2
ﬁ hinges on whether (1 + (1 — p;) ¢rry) 2 0. One can show that (1 + (1 — p;) ¢rpmy) < 0

. . - 2— .
whenever monetary shock persistence (p,) satisfies p, > (1+8+9) ”;BHBH) %% > 0. This result

leads to the following corollary.

crit _ (146+6)—/(14+6+6)° 45

v 253
tia (p; > 0) lowers RER persistence, as measured by CIR (q), relative to the case of persistent

crit

> 0, whenever p, > p,

Corollary 2 Forp introducing policy iner-

monetary policy shocks only.

For this simplified model and the remaining parameter values assumed in Section 2.2, Corol-
lary 2 implies that policy inertia decreases RER persistence (as measured by CZR (¢)) as long
as p, > 0.5 (at a quarterly frequency — roughly 0.79 at a monthly frequency).'® Hence, for
standard parameter values and an empirically plausible degree of monetary shock persistence,
policy inertia may decrease RER persistence.

Needless to say, the expression for p in Corollary 2 is only valid under the simplifying
assumptions used in this section. Deviations from an economy with those characteristics will
change the threshold for p,, and can potentially make it a function of other parameters.

On a separate note, while in this paper we focus on the sources of interest rate persistence,
in Appendix C.2 we also consider the interaction between technology shocks and policy inertia.
More specifically, we entertain a small variant of the model in which we add a productivity shock
Ay

evolves according to log A; = palog Ay_1 + 0. ,€44, and €4, is a unit variance 7.7.d. shock. We

A; to the production function described in equation (6) such that Y s+ Yy 5, = AN,

show analytically that the cumulative impulse response function of the real exchange rate in

10N amely, one-sector economy, consumer time preference rate at 2% per year, no home bias (w=0.5), x =1,
v=0, ¢y, =0, ¢ = 1.5, and average frequency of price adjustment such that prices adjust on average every
4.7 months (& = .22).
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the one-sector simplified model (as described in Section 3.2) unequivocally increases with policy
inertia. Appendix Figure A4 shows that this finding also holds quantitatively when considering
the fully-specified multisector and one-sector economies of Section 2.

Corollaries 1 and 2 show that as p, raises above the threshold p<, (1+ (1 — p;) Prors)
turns negative. The latter term, which for simplicity we will refer to as ¢,,, ends up defining
how interest rates responds to the monetary shock on impact.

To see why, note that, from the guessed solution, the policy rule can be rewritten as:

dit = [pz + (1 - pi)qsfr’%r]ditfl + [1 + (1 - pz) qbﬂ()oﬂv]vt' (14)

(-

Prv20

Therefore, the endogenous interest rate response on impact equals ¢,,. Corollary 2 implies

crit

. For p, > pi™,

that the response of di; on impact has the same sign as v; as long as p, < pc

the nominal rate (endogenously) increases on impact, in response to an expansionary shock
(v1 <0).

The increase in nominal interest rates in response to a persistent expansionary shock is not
all that surprising. Gali (2015, Chapter 3) shows that in New Keynesian models with somewhat
persistent monetary shocks, the endogenous response of prices to an expansionary monetary
shock can be such that the nominal interest rate increases on impact. In that case, Proposition
1, along with Corollaries 1-2 adds to Gali (2015)’s findings by showing that introducing policy

inertia reduces real exchange rate persistence.!!

3.3 Hump-shaped response to monetary shocks in a two-sector model

The PPP Puzzle literature has highlighted the difficulties of standard New Keynesian models
in replicating the empirical properties of the response of RER rates to monetary shocks. The
results of the previous sections show that, under some conditions, adding policy inertia can
further hamper the ability of the one-sector model to generate high levels of RER persistence.

The literature has also highlighted the importance of a model’s ability to generate hump-
shaped impulse response functions in order to get close to the empirical features of the response

of real exchange rates to monetary shocks. In particular, Cheung and Lai (2000) and Steinsson

1 Appendix B.1.5 introduces a third corollary which shows how introducing policy inertia into a model with
persistent shocks affects the speed of convergence of nominal interest rates and inflation. In particular, Corollary
3 shows that in this simplified one-sector economy, when p, > p"i  introducing policy inertia (p; > 0) into
to the model unequivocally increases the rate of convergence of i; back to steady state, while it reduces the
convergence speed of dm;. Since in these models the dynamics of the RER are tied by the Euler equation, these
findings imply that for p, > p"%, the RER convergence speed back to its steady state increases, i.e., RER

persistence declines.
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(2008) argue that the ability of a model to produce hump-shaped RER dynamics is key to
matching the degree of persistence seen in the data. Going a step further in the analysis,
Steinsson (2008) concludes that one-sector sticky-price models struggle to induce hump-shaped
RER dynamics in response to monetary shocks.

Our results corroborate these findings. Indeed, as can be seen from Table 1, the only model
that succeeds in producing enough RER persistence in response to monetary shocks is the one
that is able to generate pronounced hump-shaped RER dynamics, i.e., the multisector economy
with persistent monetary shocks (reported in column (2) of Table 1).

But how can the multisector model generate hump-shaped RER dynamics in response to
monetary shocks? Let’s revisit the simplified model of Section 3.2 while considering, instead,
a two-sector economy. In particular, we maintain the same set of simplifying assumptions
from that section but assume that each country has two equally-weighted sectors with different
degrees of price rigidity.

As in the simplified one-sector economy, we can write this model in terms of deviations

between Home and Foreign variables. This yields a set of four equations:

Bdiy = Eiq1 — @+ Edmy (15)
dmy = PEdmi+ f (k1 + K2) @+ f (ke — k1) drprg (16)
dmy = PBEdmig1 + Kiqe — kadrpry (17)
drpiy = drpig—1 +dmy — dm (18)

o (1-B(1—0y))

where f = (1 — f) is sector-1 weight, k; = o, , and «; is the frequency of price
adjustment in sector j, for 7 =1, 2.

Equation (15) corresponds to the difference between Home and Foreign Euler equation,
which is unchanged relative to the simplified one-sector model, equation (9). Equation (16)
corresponds to the difference between Home and Foreign’s Phillips curves. Relative to the one-
sector sector economy, it gains an additional term that depends on relative sectoral prices, i.e.,
drpy+ = dp14 — dp,. Similarly, the model also includes a relationship between the difference
between Home and Foreign’s sectoral inflation, drmy ;, and drp; 4, as described by equation (17).

Appendix B.2 provides details on the model derivation.'?

12Note that the Phillips curve in equation (16) nests the standard case in which there is only one sector in
the model. In that case, k1 = k2, and the relationship simplifies to equation (8).
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Proposition 2 The solution to the simplified two-sector model takes the form:

dmy = ©rU + Yrdig1 + Oxdrpy 1, (19)
@ = Pqur+ Vi1 + 0ydrpr i1, (20)
drpry = ©pvr + Ypdiy—1 + Opdrpy 1, (21)

where ©r, ©q, Pps Vrs Vg» Vps Oxs 0q, and 0, are negative coefficients.

The model solution described in Proposition 2 differs from the one in Proposition 1 in that
variables” dynamics depend not only on the shock and the (lagged) nominal interest rate, but
also on drp; ;1. The term drp, ,—; explicitly identifies the channel through which heterogeneity
in price stickiness affects the response of the real exchange rate.

To illustrate how relative sectoral prices affect the dynamics of real exchange rates in re-
sponse to shocks, we consider versions of this model calibrated with different distributions of
price stickiness. In particular, we parameterize stickiness in this simplified equally-weighted,
two-sector, two-country model such that sector one is completely flexible, and sector two is
such that firms adjusts prices, on average, once every (i) 6 months, and (i) 24 months.

For each of these two cases, we parameterize the model for a range of shock persistence and
policy inertia pairs. More specifically, for each case (i) and (ii), we range shock persistence
and policy inertia from 0 to 0.95 (in increments of 0.01) and obtain persistence measures from
the resulting IRFs of ¢, and drp; ;1. This exercise yields distributions of persistence measures
under varying assumptions for p, and p;, and for degrees of heterogeneity as in cases (7) and
(13).

Based on this exercise, first, we compare the distribution of up-lives (L) obtained from
the responses of ¢ and drp;; under cases (i) and (#i). Next, we compare the distributions of
ULs and HLs of ¢; (real exchange rate) under cases (i) and (7).

The first comparison shows that the IRFs of ¢; and drp; ;—; yield the same up-lives in nearly
all cases, indicating that the hump-shaped response of the real exchange rate in these models
is determined by the dynamics of relative sectoral prices. More precisely, in 99% of the cases
the UL of ¢, and drp,;—, perfectly coincide. In the remaining cases they differ by one month.

Turning to the second comparison, Figure 2 depicts the distribution of up- and half-lives
obtained from the real exchange rate IRF's for the alternative degrees for heterogeneity of cases
(¢) and (i7), and ranging p, € [0,.95) and p; € [0,.95). The picture shows that as we move from
case (i) to (i1), i.e., as the heterogeneity across the two sectors increases, the distributions of

RER up- and half-lives shift to the right, i.e., a higher degree of heterogeneity yields higher up-
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and half-lives.'3

Figure 2: RER persistence for increasing heterogeneity in a two-sector model.
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Note: Red bars show the histogram of real exchange rates up-lives for a two-sector simplified economy in which
sector one is flexible and firms in sector 2 adjust prices, on average, once every 6 months. Blue bars report
results when assuming that firms in sector 2 adjust prices, on average, once every 24 months. Shock persistence
and policy inertia range from 0 to 0.95 (in increments of 0.01).

These findings highlight the role of heterogeneity in price stickiness in these models. The
multisector economy yields a hump-shaped response that depends on the heterogeneity across
sectors in the economy. Note that, while the introduction of a second sector can result in a
hump-shaped response, the overall dynamics also depends on the shock persistence and policy
inertia, which continue to play a role in the overall response of ¢; (as illustrated by equation
(20)). Moreover, the patterns uncovered in Corollaries 1 and 2 remain valid. This can be seen
in Figure 3 which reports the values attained by the up- and half-lives from the distributions of
Figure 2 for different levels of shock persistence and policy inertia. In particular, the left-hand-
side panel in Figure 3 reports mean up-lives obtained from the parameterizations (i) and (i7)
for different values of p, and p;. It shows that, despite heterogeneity, increasing policy inertia
reduces the model’s ability to generate positive up-lives. As a consequence, as policy inertia
increases, the model also fails to produce large persistence, as illustrated in the right-hand-side

panel of Figure 3 (half-lives decline as p; increases for both levels of heterogeneity).

13In unreported results, we considered adjusting sectoral weights such that the average frequency of price
adjustment remained the same in cases (i) and (i¢). In addition, we also considered versions in which firms in
sector 2 adjust prices on average every other 12 and 36 months. The patterns illustrated in Figure 2 remain
in all cases, i.e., as heterogeneity increases, the distribution of up-lives shifts rightwards. Results are available
upon request.
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Figure 3: RER persistence for varying shock persistence and policy inertia in a two-sector
model.
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Note: Red bars show the range of real exchange rates up-lives (left-hand-side) and half-lives (right-hand-side)
for a two-sector simplified economy in which sector one is flexible and firms in sector 2 adjust prices, on average,
once every 6 months. Blue bars report results when assuming that firms in sector 2 adjust prices, on average,
once every 24 months.

Summary

This section highlights two sets of findings regarding the dynamics of response of the real
exchange to monetary shocks in sticky-price models.

The first finding pertains to the role of policy inertia for RER persistence in response to
monetary shocks. We show that whether interest rate smoothing increases or decreases the
persistence of RER in response to policy shocks hinges on the degree of persistence of the shock
itself. Therefore, there is an interaction between endogenous and exogenous persistence. This
result holds in a one-sector model (which we show analytically and numerically), and also in
the multisector model (which we show numerically).

The second finding pertains to the hump-shaped response. As highlighted by Cheung and
Lai (2000) and Steinsson (2008), a hump-shaped response of the RER is key to understanding
its (high) persistence. Quantitatively, our results confirm their assessment by showing that
the models that manage to produce high RER persistence in response to monetary shocks
are precisely the ones that manage to produce a hump-shaped response, more specifically, the
multisector models.

Results based on the simplified two-sector economy point to the channel through which
the multisector dimension affects the dynamics of the RER. In particular, in the presence of
heterogeneity in the frequency of price adjustment, the responses of the RER and other variables

depend on relative sectoral prices. In calibrated versions of this two-sector economy, we find
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that the hump-shaped RER response follows the exact same dynamics of the relative sectoral
price variable. The quantitative results also show that the more heterogeneous the two sectors
are, the more pronounced the hump-shape (larger up-lives) and other persistence measures are.
These results pin down the source of the hump-shaped dynamics in the multisector model,
and at the same time show why the one-sector model fails in this dimension (since it does not

feature this relative price component).

4 Conclusion

In this paper we study how different monetary policy rules affect RER dynamics in sticky-price
models. We do so by entertaining a policy rule that allows for both persistent monetary shocks
and policy inertia. We find that the source of interest rate persistence matters a great deal.
When subjected to persistent monetary shocks, a multisector model with heterogeneous price
stickiness can produce volatile and persistent RER. In particular, it can induce hump-shaped
RER dynamics that resemble the patterns documented in the data.

Our results, however, show that when the monetary policy rule displays a strong enough
degree of policy inertia, even the multisector sticky-price model fails to generate enough RER
persistence in response to monetary shocks. In the presence of high shock persistence, policy
inertia hampers the ability of the model to generate persistent deviations of real exchange rate
from parity. Therefore, there is an interaction between endogenous and exogenous persistence.

Our findings also shed light on the relationship between the degree of heterogeneity and the
ability of the models to generate a hump-shaped impulse response function, which is key to
replicating the empirical properties of the real exchange rate in response to monetary shocks. In
particular, in a simplified two-sector economy, we show that relative sectoral prices determine
the (humped) shape of the real exchange rate response, and that the more heterogeneous the
two sectors are, the more pronounced the hump-shape (larger up-lives) and other persistence
measures are.

These results highlight the importance of the empirical debate on the source of the high
degree of interest rate persistence observed in the data — whether it stems from persistent

shocks, or from policy inertia (e.g., Rudebusch, 2002 and Coibion and Gorodnichenko, 2012).
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Appendix

A Revisiting Eichenbaum and Evans (1995)

Eichenbaum and Evans (1995) provided the first empirical evidence on RERs’ dynamics con-
ditional on monetary shocks. More specifically, the authors considered how RERs responded
to identified monetary shocks using a structural vector autoregression (SVAR) methodology
applied to a set of countries’ currencies (relative to the dollar). Their results showed that,
conditional on monetary shocks, RERs’ response are long-lasting and hump-shaped. These set
of empirical facts have served as benchmarks for many studies of the dynamic properties of
RERs (e.g., Cheung and Lai, 2000, Chari, Kehoe and McGrattan, 2002, Steinsson, 2008, and
Carvalho and Nechio, 2011).

We start by assessing whether these properties of the RER still hold using more recent data.
In particular, we revisit and update the results of Eichenbaum and Evans (1995), extending
their sample and estimating the response of real exchange rates to identified monetary shocks.
In particular, we consider Eichenbaum and Evans (1995)’s specification in which dynamic re-
sponses are obtained from a 7-variable VAR that includes data on U.S. industrial production
(YUS), the U.S. consumer price level (PY9), foreign output (Y¥"), the foreign interest rate
(RFm), the federal funds rate (FFR), the ratio of U.S. non-borrowed reserves to total reserves
(NBRX), and the real exchange rate (RER). Real exchange rates are defined as the relative
price of the foreign good in terms of the U.S. good, and hence, an increase in RER,; denotes
a depreciation of the U.S. real exchange rate. All variables are in logarithms except R and
FFR.

The sample of countries includes the United Kingdom, Japan, Switzerland, France, Ger-
many, and Italy. The monthly data ranges from January 1974 to December 2007. Seasonally
adjusted industrial production and consumer price index data for each country are obtained
from the International Financial Statistics database. Foreign interest rates are measured by
the interbank rates for all countries except for the United Kingdom and Japan, for which we
use 3-month treasury bill rates. Foreign interest rates were obtained from the St. Louis Fed
FRED database. Nominal exchange rate series were collected from Bloomberg. Non-borrowed
reserves (Adjusted Non-borrowed Reserves Plus Extended Credit) and total reserves (Adjusted
Reserves of Depository Institutions) were obtained from FRED. Impulse response functions
are calculated assuming a Wold ordering of {YUS, PUS yFer RFer FFR NBRX, RER}. The
monetary policy shock is identified as the component of the innovation in F'F'R; that is orthog-

onal to Y,V PVS Yo and RI". For each country, we select the number of lags in the VAR
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based on the Bayesian Information Criterion (BIC), which yields 2 lags for all countries in our
sample.

Figure A1 shows the resulting impulse response functions of real exchange rates of each
country in response to a shock to the Federal Funds Rate. The figure corroborates the findings
of Eichenbaum and Evans (1995). The impulse response functions exhibit a clear hump-shaped
response, and the effects of monetary shocks are quite long-lasting, with the median half-life of
these effects across this sample of countries ranging from approximately 4 to 8 years.

Table A1 complements Figure A1l by providing real exchange rate moments implied by their
estimation. The table confirms that the response of real exchange rates to monetary shocks are
long-lasting and hump-shaped. While Eichenbaum and Evans (1995) included the estimated
impulse response functions, they did not report real exchange rate moments implied by their
estimation. For a closer comparison to their results, we constrained our sample from January
1974 to May 1990, as in Eichenbaum and Evans (1995), reestimate the VARs, and calculate
implied measures of persistence. In that sample, the impulse response functions yield median
HL, OL, UL, and CIR of 62, 65, 55 and 130 months, respectively.'*

Table A1l: Real exchange rate persistence by country: update to Eichenbaum and Evans
(1995)

Persistence United Kingdom Japan Switzerland Germany France Italy
measures:

HL 103 53 82 106 104 104
oL 124 55 153 121 121 137
ur 36 48 51 77 84 72

CIR 140 39 163 168 248 177
o1 0.8 0.8 0.8 0.8 0.9 0.8

Table A2 reports the cross-country median RER moments conditional on monetary shocks,
in addition to the results for different versions of the model. In analogy to the exercise of
Table 1, the parameter p, of the multisector economy with persistent monetary shocks only
(second column) is calibrated to roughly match the moments of RERs conditional on identified
monetary shocks. Given the value of this parameter, the other model simulations, reported in
columns 3 to 7, are meant to illustrate the effects of policy inertia. All other parameters are
unchanged relative to Section 2.2.

To obtain the first-order autocorrelation (p;) and volatility of real exchange rates conditional

14All VARs are estimated with 1 lag as suggested by the Bayesian Information Criteria. Eichenbaum and
Evans (1995) includes 6 lags in each VAR. Persistence measures obtained when estimating VARs with 6 lags
(instead of 1 lag) are unchanged.
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Figure A1l: Real exchange rates response to a monetary shock
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Table A2: Conditional empirical moments and alternative monetary policy rules

Data Multisector economy One-sector economy

Persistence pv = 9865 pv =20 pv = 9865 p, = .9865 pv =20 Py = 9865
measures: pi =10 pi = .9865 p; = .9865 pi=10 pi = .9865 p; = .9865

(1) (2) (3) (4) (5) (6) (7)
HL 104 102 7 8 51 4 4
oL 123 156 20 25 102 8 9
uc 62 45 0 0 0 0 0
CIR 166 139 16 24 74 6 7
p1 0.8 0.9 0.7 0.6 0.8 0.6 0.5

on monetary shocks, we use the identified shock obtained from the estimated structural VAR
to construct counterfactual series for the real exchange rate and the U.S. industrial production
that are driven only by monetary shocks. The conditional first-order autocorrelation is, then,
based on the HP-filtered versions of the resulting RER and U.S. industrial production series,
averaged over three-month periods to obtain quarterly data.

A comparison between the first columns of Tables 1 and A2 show that, conditional on
monetary shocks, RER persistence measures are even larger than the unconditional ones. The
cross-country median half life of deviations of RER from parity, for example, reaches 8 years,
well above the (unconditional) “consensus” of 3-5 years. While both the time sample and
the set of countries vary between these two aforementioned columns, unconditional persistence
measures using the same dataset used to construct the statistics reported in Table A2 yield
similar statistics to the unconditional moments reported in Table 1.1

Despite the differences between the conditional and the unconditional measures of persis-
tence reported in Tables 1 and A2, when focusing on the model-implied moments, the main
lessons from Table 1 remain. Multisector models significantly increase real exchange rate persis-
tence when compared to their one-sector counterparts. More importantly, a comparison among
the three versions of the multisector economies reported in Table A2 confirms that the ability
of the multisector model to generate empirically plausible RER dynamics disappears when the

policy rate features a strong interest rate smoothing component.

5More specifically, estimating a simple autoregressive (AR) process on the same sample used to estimate
the VAR yields median HL, QL, UL, and CIR of 44, 70, 17 and 59 months, respectively. For each country, we
estimate AR processes with 2 lags, as indicated by the BIC.
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B Details on analytical results and proofs

B.1 Simplified one-sector economy

To obtain an analytical solution, we simplify our two-country multisector economy. We abstract
from heterogeneity and assume a one-sector economy with no home bias (w = 0.5), constant
returns to labor (x = 1), and infinite Frisch elasticity of labor supply (y =0). As in Engel
(2012), we rewrite all variables as the difference between the Home and Foreign counterparts.

B.1.1 Prices and outputs

A one-sector economy yields:

pe = wppys + (1 — w) pry,

p; = Wp*F,t + (1 - w)pj'{,ta
Pt = axps + (1 — &) pri—1,
pri = axp+ (1 — ) ppe_i,
pjﬁr{,t = w}‘q,t +(1—a) p;{,t—lv
p*F,t = Oéx;“,t + (1 - O‘)p},tfl‘

And for the intermediate outputs, we have:
YH,jt+s = Yt+s — 0 [pH,j,t - pH,t+s} - P [pH,t+s - pt+s] )

YFjt+s = Yt+s — 0 [pF,j,t - pF,t-i-s] —p [PF,t+s - pt—i-s] y
Y jt+s = Yets Pajt — PHt+s P PHt+s — Piys] >
Yrjits = Yers — 0 [p},j,t - p;,t-i-s} P [p;,t-i-s — Dits) 5
for all times t + s for which the price set at ¢ is still in effect.
For the output aggregations, we have:

v =wyms + (1 —w) Yy,

Yi = wyp, + (1 —w) yiy,

wyms + (1 —w) y?{,t = XNt = Ny,
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The marginal cost is such that (recall x = 1):
MeCy = Wy — Py = 0C; + YNy
Loglinearizing the Euler equation yields:
iy = By (0 (cop1 — ¢) + Peg1 — pi) -
For the real exchange rate, we have:
g =o0(ct—c;).

Loglinearizing the equation for the prices set by firms when they are called to adjust:'¢

te= (1= B =) E Y 5 (1= a) (peyj +mewy;),

J=0

vpe=1=B1 =) E > A (1—a) (pj+ gy +mefy,) .
=0

= 1-801~-a))E Zﬁj (1- O‘)j (pr+j — eyt mctﬂ‘) ;
=0

T =0=B1—-a)EY B (1—a) (p,+md,).

J=0

16 Although marginal costs are potentially firm-specific due to (potentially) decreasing returns to scale, in
each sector, firms that adjust face the same conditional distribution for all future variables that matter for price
setting, including marginal costs. Thus, we simplify the notation using a price that is common to all adjusting
firms, and also a common marginal cost.
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B.1.2 Phillips curves

: e .
Using vy — put = — Ty

ve = (=B —a)) B F (1 —a) (pej +mes)
=0
= (1—5(1—04))Et25j(1—04)j (Perj + OCrj + Yyj)
= =
L= aWH,t = (1-8(1-a)kE Zﬂj (1- OC)j (Pe+j + OCuj + YMuvj — D)
=0

= (1 - (1 - 0‘)) Ey Z Bj (1 - Oé)j (pt+j T 0Cj + Vg — [pH,t—i-j - ZzzlEtﬂ-H,t—&-i})

=0
1— (1 -
o 16—(04 D) (5, — prrs + ot ) + B (1 — @) Berross
a(l—p0(1 -«
THt = : 16—(05 ) (Pt = prs +oce+ ) + BET 4
1-8(1— 1
_ a0=f0-0) <; (Use — 1)+ 0cs 1 Wt) + BEiThusn

: _ 1« .
Using xpy — pre = —_“Try:

oo

tpe = (=681 —m))E Zﬁj (1 — @) (Pesj + Geas + mcf,;)
7=0
=
a(l-0(1—-« i} .
7TF7t = ( 1 _(CY )) (pt - pF,t + Uct + 7”1& + qlf> + ﬂ (]. — Oé) Etﬂ-F,t—‘rl
a(l-—0(1—« 1 . §
= ( . _(a ) <; (yrt — ye) + o, +yn; + Qt> + BB
Using @3, — Py = 1%"7@”:
5U;I,t = (1-p(1-a))kE Zﬁj (1- Oé)j (p;»j — Qi)+ mCt+j)
j=0
=
. a(l-pF(1l-a .
Ty — ( 1 —(a ) (pt — Py +OC + YNy — Qt) + BE T 41
a(l-F(1 -« 1, ., N
= ( : _(a ) <E <yH’t — yt) +oc +yng — qt) + BE T 41
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I},t = (1-8(1-a))E; Zﬁj (1- O‘)j (p:ﬂ' + mc;fk+j)

j=0
=
‘ a(l-F(-a)) . . R .
Tre = 1 — o (pt —Ppy T 0C + 7”1;) + BEi T 11
a(l-0(1—-« 1
_ alo80-a) (; (ve — 9) + 05 + m;;) BB

From these equations we get:

Ty = WTHg + (1 — (.U) TFE¢

1
o[ (o ) ¢ s

1 * *
+(1 - w) [(; (Yre — ye) +oc; +nf + Qt> + BEtﬂ'F,tJrl} ;

T o= wip, + (1 —w) Ty,
1 * * >k * *
= w [(; (yF,t - yt) +oc + ’Ynt> + 5Et7TF,t+1]

1 * *
+(1-w) {(; (yH,t - yt) +oc +yng — %) + ﬁEtWH,t+1] )

Therefore:

. a(l-p5(1—-a 1
T — T = W [ ( 15_(@ ) (; (Y — ye) +oc +'7nt) +5Et7TH,t+1]

.y [O‘ (1-5(-0a) (/—i Yy — v7) +oc] + WI) + 5Et”?t+1]

11—«
+(1—-w) {a (1 _16_(2_ @) (% (ype — y) + oc; +yn; + qt> + @’Eth,tH]
— (1 o w) |ia (1 _16_(24_ Oé)) <% (y;{,t — y:) +oc +yng — Qt) -+ ﬁEtTl'H’t+1:| .

Note that ¢ = o (¢; — ¢), and:

Wy —y) = —(1—w)(Yre— ),
wyp —vi) = —Q—w) (Y, — )
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Hence, for 6 = w, a= Esszlfsozs, we can rewrite m; — 7}
m—m =0q; + (2w — 1)v6 (ny — nf) + BE; (7rt+1 — 7TZ‘+1) )
Assuming no home bias, w = (1 — w), and setting v = 0 yield:

T — 7 = 0q; + BE; (7Tt+1 - W:+1) .

B.1.3 Euler equations (demand side):

The Euler equations for Home and Foreign equal:

iy = OB — o+ Eymg,

ko * * *

iy = ol —oc + By,

=
e —i;, = E -+ FE — 7
=t = LGyl — Gt t \Tt+1 — Tyq1) -

B.1.4 Monetary policy

We simplify monetary policy such that the interest rate rule for Home equals:
iv = pite—1 + (1L — p;i) oy + vp,

where we assume that the exogenous component of the interest rate (v,) follows an autoregres-
sive process such that vy = p,vi—1 + €7, p, € [0,1), and &} is i.i.d.

Finally, we assume throughout that monetary policy in Foreign follows the same rule as in
Home, and that monetary shocks are uncorrelated across the two countries.

B.1.5 Proofs of propositions and corollaries

Proposition 1 The solution to the simplified three-equation model (equations 8-10) takes the

form:

G = Pabr+ Yedit1,
dﬂ-t - (;Dm)vt—f_’%rdit—h

where Qqy, Orv, Vr, Vg aT€ NEgative coefficients.
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Proof. Consider the model as deviations between Home and Foreign, where any variable
labeled as dx; corresponds to dz; = x; — .

We depart from the main-text equations (8), (9) and (10) and note that E; (viy1) = pyor.
Replacing (10) on (9) yields:

@+ (1 = pi) ¢ndmy = Erqry + Eydmyyy — pidip_y — vy

Our system of equations is such that:

@+ (L—pi) ondmy = +Eq1 + Edmy — pidi_y — vy
—0q; +dm, = +BEdm
=
1 1—8(1—p) b, E 1
gt _Q ﬁ( p ) ¢ tqt+1 4 Q (piditq n Ut)
d7rt 0 5 + 0 Etd’ﬂ'tJrl —0
1

Guess the solution will take the form:

G = Pt + Yodiz—1,
dﬂ-t = Prolt + ’ywdit—b

Starting from ¢, and substituting for dm; and di,:

@ = —(1—=p;)ozdm + Eyquyr + Eydmpyy — pidip—y — vy
= [_ (1 - pi) OrPrv + PquPv T Vg (1 - pi) OrPro + Yq + ProPo + Vr (1 - ,Oi) O Prv + Y — 1] (o
+ [_ (1 - pz) ¢7r77r + YaPi + Vaq (1 - pz) ¢7r77r + VP + Y (1 - pz) ¢7T77r - pz] dit—l-

Starting from dm; and substituting for ¢; and di;:

drmy = 0q + BEdmi
= [ﬁ%om)pv + /8771" (1 - pz) (brr@m) + 57# + (5S0q'u] Ut
+ [Bvxpi + BYr (1 = pi) dnym + 074] diy—1.
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Matching coefficients, we have 4 equations and 4 variables:

P = — (L= pi) ¢xpro + Pgupv + Vg (1 = pi) droro + 7 (B.1)
+mopo + Ve (1= pi) Gxpmo + 72 — 1,

Prv = BPrvpv + BYr (1 = pi) drore + Brr + 000, (B.2)

Yo = — (1= i) OxVr +7pi + Vg (1= 0i) SaVr + Vopi + Y (1 = pi) Gxvn — piy (B.3)

Yo = BYapi + BYx (1= pi) dayr + 07 (B.4)

Corollary 1 Under the assumptions above, the cumulative impulse response function of the

real exchange rate equals:

1 1 Yq ((1 - pi) Proro + 1)
CIR = o
(q) 1—p, + (1= p0) g0 (1 = (pi + (1 = pi) Px¥x))
20

1 rl_ifrm) 1
L4 s (1 = pi) rpmv + 1)

l—v v ]-_ T 1_1 T |
p Pqv (1= p (v pi) OrVr)
>0 >0 >0

Proof. Using the above equations, we can calculate the cumulative impulse response func-

tion of ¢; following a unit monetary policy shock.

N
CIR(q) =Y ™,
— Q1
where:

& = Pabt+ Ydit—1,
dTrt = Prolt + fYﬂ‘dZ’t*17
iv = piti1+ (1 — pi) oame + vy

Solving the equation for interest rate forward:

[y

n—

Ip—1 = ((1 — pz) ¢7r§07rv + 1) (pz + (1 _ pz) ¢w77r>i pg—l—i

]

Il
o

Replacing the above expression in the main text equation (11) at time n and calculating the
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cumulative impulse response yields:

n—1

N—yoo QqupZ_l + Yq ((1 - IO’L) ¢7TS07rv + 1) Z (pz + (1 — pz) ¢W7W)i pz_l_i

CIR(q) — ZZ_T: 3 =0

N—s00 Pqu

1— Pi+(1*Pi)¢7r’Y7r "
n—1 Pv
v

1— P¢+(1—qu)¢7r’YTr
Pv

n=1

% G+ 1 X [

Pqv
=

>0

1 (1 —p 1)
CIR((]) — 1+ ’7(1 (( pl)¢ﬂ'gpﬂ'v+ ) 7

L= py Pqv (1—pi) (1 = @nya)
S ~~ ~~ 4

>0 >0 >0

where we used the fact that —1 < p; + (1 — ;)1 < 1.17 m

erit _ (1+B+0)—/(1+8+6)>—48
- 35

v

crit

> 0, whenever p, > pS

Corollary 2 For p introducing policy
inertia (p; > 0) lowers RER persistence, as measured by CIR(q), relative to the case of
persistent monetary policy shocks only.

Proof. When p; =0, 7, = 7 = 0, which implies CIR (q) = ﬁ.
Since gy, Prv, Vs Vg are negative coefficients, the only term that doesn’t have a definite sign
is ((1 = pi) ¢rpmo + 1). Since (1 — p;) ¢ > 1, this term will be negative when ¢, < —m.
Departing from the solutions for ¢, and ¢, from equations (B.3) and (B.2), respectively,

for p, = 0:
Pro = [Brx + 0 (Yg+ 7= — DI (1 = pi) ¢xoro + [B7x +0 (g + 7= — 1)].-

Call A = [Bv: 4+ 0 (74 + 7= — 1)] to obtain:

Prv = A (1 - Pz) ¢7T(107TU + A

(1_A(1_pi)¢7r>§07rv = A
A

T A=A =) 6n)

"Tn fact, this term equals the AR(1) coefficient on di; in the simplified one-sector model (see the main-text
equation (14)), and hence, for versions of the model in which a unique solution exists, 0 < p; + (1 — p;)drvr < 1.
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Note that A is negative since v, is negative, p; < 1, and 6 > 0. Therefore:

A 1

T A=A = p)on) | (L= pi)

Hence, when p, = 0, we find that ¢, is always larger than —m.

More generally,

P =~ = (1 - pi) ¢7r907rv + PavPov + Yaq (1 - pi) ¢W‘P7rv + Vq + PrvPo + Y (1 - pi) ¢7r907rv + Ve — 1
=
(IT=p) e = (gtv =11 = p) rro + poipmo + (1x + 7 — 1)
Oro = BPoPrv + BYr + BYx (1 - Pi) GrPrv + 590qv
=
(1 - pv) Prv = [(1 - pv) B+ 6] PvPry T [(1 - pv) By + 0 (qu + Y — 1)] (1 - pi) OrPrv

+[(1 = py) 67w+6<77r+7q —1)]

Call B = [(1 — py) Byx + 0 (r + 74 — 1)] < 0 to obtain:

B
Pro = {1 =py) = [(1=pu) B+0]po — B (1 —p;) oz}

Since ¢, < 0, we know that the denominator of the above expression is positive. Therefore,

1 .
Oy < (T when:

B 1

(A—p)—A=—p)B+olp—BU—p)ot — (U—p)on
B(1=pi)ox < —(1—=py)+[(1—=py)B+6]py+B(1—p;)dr

+8p2 —(1+B+8)p,+1 < 0

Solving the above expression for p,:

(1+B+5)i\/(1+5+6)2—45
Pv = 23
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And ¢, < —m, as long as:

(L4 8+0)—\/(L+B+06) —4p
2p

< py <1,

where w =9J.

1+8+6)+1/ (1+8+8)*—48 S

Under our parameterization, ¢, < —2/3 when p, > 0.7888. Note that ( 56

1,sinceA:(1+6+5)2—4ﬁ>0and%>1. [

Corollary 3 Under the simplified model assumptions, introducing policy inertia (p; > 0) into
to the model unequivocally increases the rate of convergence of diy back to its steady state, while

crit

it reduces the convergence of dm, when p, > pi**. Therefore, the convergence speed of the real

exchange rate back to steady state increases.

Intuitively, in this simple one-sector model, if the policy rule only exhibits persistent shocks,
Py 1s the only source of exogenous persistence and the dynamics of all variables are determined
by its level. When policy inertia is included in the model, the dynamics of all variables are
also determined by the response of interest rates to shocks, and will depend on p, as well as on
the coefficients in the model solution from equations (11) and (12). Corollaries 1-3 show that,
when shock persistence is high, introducing inertia into the model alters the dynamics in such
a way that the effects of monetary shocks on real exchange rate die out more quickly.

Proof. In a general equilibrium model, the dynamics of the model depend on the response

of all variables. The response of the nominal interest rate, however, can change substantially

crit

¢ the response of the nominal rate will

with the level of p,. In particular, for levels of p, > p
be such that it moves in the opposite direction from the shock. That is, for an expansionary
shock, (v; < 0), for p, > p, the nominal rate increases on impact.

This will hold whether or not the policy rule exhibits inertia. However, inertia will affect
the speed of convergence of the nominal rate, and therefore, through the Euler equation, the
speed of convergence of the real exchange rate.

To see this, first note that, the dynamics of the real exchange rate is determined by the re-
sponses of the nominal rate and inflation through the Euler equation. Solving (the loglinearized

version of) the Euler equation (9) forward yields:

G =—-0"FE Z (dityj — Epyjdmiiiyg) .
=0

Therefore, changes on the speed of convergence of the nominal rate and inflation back to their
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steady state will affect the dynamics of the real exchange rate.!'

Departing from the policy rule and the guessed solution (equations (10)-(12)):

di = pidig_1 + (1 — p;) Gxdm + vy
= [Pz + (1 - pz) ¢7r’77r] dit—l +£1 + (1 - pz) ¢7r907rv]vt

/

20

Therefore, the incremental step between time ¢ + j and the response on impact are such that:

d.t j . J n— j—n
CZZ_;I_ = p{)l—l—{g [pi‘i‘(l_pi)ébwfyrr] lp% }
n=2

[\ J/
-~

>0

Since the term in curly brackets is positive, adding inertia to the model augments the step
between any two periods in the response of the nominal rate. Therefore, adding inertia to the
policy rule unequivocally speeds the convergence of 7; up.

Turning to the response of inflation:

Qom)p{ﬂ)l + Va [1 + (1 - pz) ¢7r§07r1)] { ];1 [pz + (1 — )Oz) ¢7r’)/7r]n_1 p{)—n} vy

d7Tt+j+1 _
dm ProV1
J
] 777 n— I—n
= it [1+(1_pi>¢7r907rv]{2[pi+(1_pi)¢7r77r] 'l }
9071"0 ~~ - n:l
>0

When inertia is added to the model, the incremental step between time ¢4 j and the response
on impact gains an additional term with a sign that depends on ¢,,. From Corollary 2, this
term is negative when p, > p..t. Therefore, the speed of convergence of dm back to steady

state declines when p, > p. m

B.2 Simplified two-sector economy

Proposition 2 The solution to the simplified two-sector model takes the form:

dmy = Q0+ Vrdig_1 + Oxdrprsy
QG = QU+ Vgdiy_1 + Ogdrpy 1
drpry = ©pU + Ypdig_1 + Opdrpr sy

18This deconstruction was introduced by Steinsson (2008).
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where ¢, ©q, Cps Vs Vg» Vps Oxs 0y, and 0, are negative coefficients.

Proof. The solution to this problem resembles the one from Section B.1 except that pricing
and output equations change to allow for the multisector dimension.

To simplify the problem, we consider an equally-weighted two-sector economy and continue
to assume no home bias, w = 0.5, no capital accumulation, and xy = 1. As before, we write all
variables as the difference between the Home and Foreign counterparts.

Under these assumptions, the Euler equation and the interest rate rules are the same as
those reported in Sections B.1.3 and B.1.4, respectively. The Phillips curves, however, need to
be rewritten.

Departing from the definitions for prices:

pe = foir+ (1= f)pa,
pr = fpik,t +(1 - f)p;,ta

pre = wpmas+ (1 —w)prag,
poy = wphas+ (1 —w)prag,
pit = wp;’,l,t + (1 -w) pf‘[,l,t?
oy = Wp}g,t + (1 —w) pj‘],2,t7

PHst = s+ (1 —a)prsi—1, s=1,2,
PFst = OXF st + (1 - 05) PFst—1, S = ]-7 277
p;f,s,t = &‘T;I,s,t + (1 - Oé) p;[,s,tflﬂ s = 17 27
p*F,s,t = CuE*F,s,t + (1 - Oé) p},s,t—l? § = 17 27

Intermediate outputs are such that:

YH jsi+i = Yiri — 0 PHjst — pH,s,t+i] —p [pH,s,H—i - ps,t-i—i] - [ps,t—i-i - pt+i] , s=1,2,

YFjst+i — Ytti PFjst — pF,s,tJri] —p [pF,s,t+i - ps,tJr'i] -0 [ps,tJri - pt+i] , s=1,2,

—0
y;{,j,s,t—i-i = y:—i—i —0 [p}{,j,s,t - p*H,s,tJrz‘] - P [p*H,s,t—i-i - p:,t—&-i} -n [pZ,m - p:—i—i] , s=1,2,
— 0 [pt

* * * * * * * _
Yrjstri = Yeyi [pF,j,s,t - pF,s,t—H} - P [pF,s,t—i—i - ps,t+z‘] -7 [ps,t+z‘ - pt—l—i] , s=1,2

for all times ¢ + ¢ for which the price set at ¢ is still in effect.
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For the output aggregations, for s = 1,2, we have:

v = fye+ (1= f)yoy

Yst = WYH st + (1 - W) YF s t»

1
YHst = /yH,j,S,tdj,
0

1

yF7'97t = / yF,j,S,tdj7
0
1
* _ * N
Yrst = / YFjs: U
0
1
* _ * .
yH,s,t - /yH,j,s,tdj'
0

The marginal cost is given by:
MCjp = Wy — Py = 0C + YNy

Loglinearizing the equation for the prices set by firms in each sector when they are called

to adjust, for s =1, 2:

Tt = (1= B (1—ay)) B Zﬁj (1- a)j (Pe+j + meeyj)

=0

T = (1= B(1—a)) By B (1—a) (pj+ gy +mcl;)
j=0

o= (L= B =) E Yy 5 (L= a) (i — e +merrs)
§=0

Tper = (1= B(1—ay)) B Zﬂj (1 - O‘)j (p;;rj + mc;fk+j) :

=0
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B.2.1 Phillips curves

: _ 1-« .
USlng THst — PHst = P TH,s,t-

(1-5801—ay)Ey Z/@j (1= @) (prsj + mery)

wH,s,t
j=0
=
1_063 Oésl_/Bl_O[s
TH,s,t ( ( )) (pt — PHspt + mCt) + ﬂ (1 - OC) Etﬂ-H,S,tJrl
Qg 1— Qg
+(1=B(1=a))E Y (1= an) (prej — Prssj +mees)
j=1
+E§i25i (1 - Oé)i Etﬂ-H,s,t—i—i
=
as (1 —6(1— ay
TH.st ( 1 —(oz ) (mey — rprse) + BETH s 41,
where rpp s = — (Pt — PHst)-
Similarly:
as (1 — [ (1 — ag .
Tps t ( 1 —(a ) (me; + @ — rPrst) + BETEs 141,
. as (1 —F (1 — ag . .
TH st ( 1 —(a ) (mCt —qr — TpH,s,t) + ﬁEtTrH,s,t—i—l?
* ozs(l—ﬁ(l—as)) * * *
TEst 1—a (mct - TpF,s,t) + 5Et7TF,t+1~

Aggregating sectoral inflation yields:

7Ts,t

= WTHst + (]- - CU) TF st

= W [/‘65 (mCt - TPH,s,t) + BEﬂTH,s,tH]

+ (1 —w) [Kks (mec; + q — TPF,s,t) + 5Et7TF,s,t+1] )

= W [“s (mcf - Tp;‘,s,t) + 5Et7r;‘,t+1}

+(1 —w) [FLS (mct —qt— TPE,s,t) + 5Et7T;I,s,t+1] :

Assuming no home bias, w = (1 — w), implies:

dﬂ-s,t = BEtdﬂ-s,t-‘,—l - Hsdrps,t + Ksqy
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Aggregating inflation across sectors:

T = fmgg+ (1= f)moy,
= wf (k1 + ko) mey +wf (k1 + ko) me; +wf (K1 + Ka) g

—wf{krirpm1s + Karpuos}t — wf{k1rpr1s + Korpros}t + B[ Eimiia]

o= fm,+ 0= f)m,
= wf (k1 + ko) me, +wf (k1 + ko) mc; —wf (k1 + Ke) ¢

—wf {’flrp},l,t + ’KL?TpEQ,t} —wf { [lep*H,l,t + ’€2Tp§{,2,t} }
Assuming equal sectoral expenditure weights, f = (1 — f), implies:
dry = B [Edm] + f (k1 + K2) ¢ — f{r1drpry + Kadrpe s},

where:

pst = wWrpgst+ (1 —w)rprse =w Prst — ) + (1 —w) (DFst — Pt) = Pst — D
TPy = Wrppg,+ (1 —w)rpy g, =Diy —Di

*
drps,t = Tps,t_rpsﬂt

Rewriting drps

P = fpl,t+(1_f)p2,t:>p2,t:pt1%f§17t
2, t 1—f t 1—f 1.t 1,

Therefore,

dmy = BEdmi + f (K1 + K2) ¢ + f (ko — K1) drpy .

Note that the previous equation nests the standard NKPC without heterogeneity, a; =
Qg = K1 = Ry = K.

dry = BEwdmig + Ky

The heterogeneity in frequency of price adjustment, therefore, affects inflation dynamics
through the term f (kg — k1) drpis. The effect is amplified when heterogeneity is large and

countries’ relative sectoral prices are large.
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Finally, note that:
drpiy = drpig—1 +dm — dm.

Therefore, the model in deviations between Home and Foreign, where any variable labeled

as dx; corresponds to dr; = z; — z, is summarized by:

dmy = PEdmi+ f (k1 + K2) @+ f (ke — k1) drpry
diy = Eiqi1 — @+ Edmig
dmyy = PEdT 01 + K1qe — Kidrpry
drpiy = drpig—1 +dmy — dm
diy, = pidig_1+ (1 — p;) dndmy + vy,

v
Uy = Puli—1 &,

where we assume that the exogenous component of the interest rate follows an AR(1) process
and p, € [0,1).

Guess the solution will take the form:

dmy = ©rV + Yrdig—1 + Ozdrpy 1
@ = PqU + Yediz—1 + O4drpr
drpiy = ©pUr + Ypdig_1 + Opdrpr

From these equations:

diy, = pidiz_1+ (1= p;) dndmy + vy

= pidiz— + (1 = pi) O [r0r + Yadiz—1 + Ordrpe_q] + vy

= [+ 1 = pi) dapx] vt + [pi + (1 = pi) pa¥a| div—1 + (1 = pi) dnbrdrpes
diy = @+ vdig_y + 0;drp—,
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Hence, we have a system:

dmy = PrUp+ Yadiz—1 + Ordrpy 1

QG = QU+ Vgdiz_1 + Ogdrpy 1

drpry = ©pvr + Ypdis—1 + Opdrpy
diy = pivg+ Yidig—1 + 0idrp,

Departing from equation (15):

¢ = —diy+ Eiqiq + Eydmigy
= (=pi + Vi + Papv + Pxpu + Ogpp + Vxpi + Ox0p) Vi
+ (=i + g% + Vi + Oy + 007p) div
+ (=0 +7,0; + 0,0, + =i + 0:0,) drpy 41

Departing from equation (16):

dmy = PEdmi + f (k1 + K2) @+ f (ke — k1) drprg
= (Bexpo + BYrpi + B0y + f (K1 + K2) 0g + [ (K2 — K1) ¢p) vt
+ (BYni + BOxyp + f (K1 + K2) g + f (k2 — K1) ) dirs
+ (BYx0; + 00, + f (K1 + k2) 0, + f (K2 — K1) 0p) drpri—a

Departing from equation (17), and using drpy s — drpys—1 + dmy = +dmy, (from equation

(18)):

dmiy = BEdmyg1 + Kige — kadrpry
drpiy —drpiy—1 +dmy = BE [drpier — drpry + dmga] + kg — kadrpry
(I + k148 = B0, = BOz) drpre = ((Bep + Ber) po+ (B + Bx) 0i = @r + K1pg) v
+ (87 + BYx) vi = ¥r + K1) i1
+ ((Bvp + Byx) 0i — O + k10, + 1) drprs—1.
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These yield a system of 12 variables and 12 equations:

0; = (1 - pi) ¢7r‘97r

Pqg = (=i + YoPi + PaPo + Prpy + 0q0p + Vrpi + QﬂSOp)
Yq = (=i + YgVi + VxYi + Oryp + eq’Yp)
0, = (—0; + Vqbi + 040, + v:0; + Qﬂgp)

Or = (ﬁgpﬂpv + ﬁ’%rgpz + ﬁewspp + f ('%1 + ’%2) Pq + f (’%2 - '%1) (1010)
Yo = (Byvi+ B0y + f (k1 + K2) g + f (k2 — K1) )
QTr = (6/77r91 + 667r0p + f (’il + KQ) Qq + f (’i2 - Iil) 917)

((Bpp + Br) po + (B + Byx) 0i = P + K104)

v (1+ 1+ B — 36, — 36,)
(B + Bym) vi — e+ K1)

T Ttk + B 6, — B6,)

o — B+ B7a) 0 — bn + kaby +1)

! (1+ 1+ B — B0, — B0,)

C Additional results

C.1 Comparative statistics varying persistence

Figure A3 reports comparative statics results when varying the persistence of policy shocks
(py) in the calibrated models. As in Figure 1, dashed lines indicate one-sector economies,
whereas solid lines correspond to the three-sector models. The top charts consider the case
without policy inertia (p; = 0), while the bottom ones assume instead p; = 0.975. The main
takeaway from a comparison between the top and the bottom charts is that a multisector model
that includes persistent shocks as the only source of exogenous persistence can generate hump-

shaped responses of the RER. Once policy inertia is introduced, all measures of persistence
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drop substantially and the impulse response functions fail to exhibit a hump-shaped response

to monetary shocks.!?

C.2 Results with technology shocks

We rely on the same simplifying assumptions as before but assume a technology shock to the

production function of intermediate firms such that:

wym it + (1 —w) yE,j,t = a;+ ”?,t

wyms + (1= W)y, = a +nf,

where a; = pya;—1 + €} and p, € [0,1).

Under these assumptions, the pricing equation for the intermediate firms are such that:

vae = (1= Bl =) By (1= a) (pey; +mery, —ar),
j=0

iy = (1= 0(1—ay))E Zﬂj (1= ) (perj + @y +mciy; —a;)
=0

x?{,t = (1 - (1 - 0‘)) E; Zﬁj (1 - Oé)j (p:‘:rj — Qi+ + MCyyj — Clt) )

§=0
v =1=B1-a)E> A (1—a) (pj,+mc, —a;).
§=0
Lastly, the market-clearing condition becomes y; = ¢; = a; + ngy.

The simple model can be written in deviations between Home and Foreign variables:

drmy = 0g; — (a; — ay) + BE; (Wt+1 - WZH) )
dic = B — @+ By (T — 741) -

19The different values for p; and p, used to construct each panel in Figures 1 and A3 can imply substantially
different levels of persistence in nominal interest rates. To complement the analysis, we redo our analysis
adjusting the values of p; and p, to obtain the same level of nominal interest rate persistence as in the baseline
specification (p; = 0, p, = 0.975). More specifically, for each p; in [0, 1), we set p, such that nominal interest rate
persistence, as measured by the cumulative impulse response (CZR), equals that in the baseline specifications
of the multisector and one-sector economies. Results, which are available upon request, reinforce the finding
that as the degree of policy inertia increases, RER persistence declines.
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And assuming the same interest rate rule for both countries, we have:
diy = ¢idiy1 + (1 — @) pxdm; + vy
The solution to the model will take the form:

Gt = Pqult + quitfl + )\qaata
dmy = QryU + Vediz_1 + Araay,

where ©gu, Vg5 Agar Pro, Vr, a0d A, are negative coefficients such that:

P = [= (L= 05) 0xorv + 0qupo + Vg (1 = ¢i) bnoro + Vg + @ropo + Y (1 = 6i) Snpro + 7 — 1],
Crv = [Brupo + B (1 = &i) dnpro + B + 00q0]
Yo = [= (=) oxvm + %P +7g (1 — 0i) dxVr + Vi + Y (1 — ¢5) Gnvm — @],
Vo = [HBvbi + Byx (1 — &1) dnvm + 674
Aa = [ (1= &) dxdna + Agapa + Vg (1 = 65) Ordna + 7 (1 — ) PxAra + Arapal
Ao = [+BArapa+ BYx (1 — ¢i) Prdna + 6Aga — 1]

Following similar steps as before, persistence as measured by the CZR in response to a

technology shock is given by:

1 v, 1
CIR = + = :
1—Pa /\qa (1_pi) (1_925”7“)
v —~ d

>0 >0

Therefore, in the simplified one-sector economy, policy inertia unequivocally increases persis-
tence in response to technology shocks.

Figure A4 considers the role of policy inertia in out calibrated multisector and one-sector
models. More specifically, the figure reports the cumulative impulse responses of the real
exchange rate in response to a technology shock for ranging values (from 0 to 0.95) of policy
inertia p; and technology shock persistence p,. The left-hand-side panel shows results for the
multisector economy, while the right-hand-side panel shows results for the one-sector one. Both
panels show that the persistence of the real exchange rate in response to a technology shock as

measured by the CZR increases with policy inertia.
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Figure A2: RER persistence in response to monetary shocks for varying degrees of policy
inertia
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Figure A3: RER persistence in response to monetary shocks for varying shock persistence
Varying shock persistence (p,) when rule features:
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Figure A4: RER persistence in response to a technology shock for varying shock persistence
and policy inertia
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