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IN A LOW-INTEREST-RATE ENVIRONMENT
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Abstract

We evaluate the macroeconomic stabilization properties, with particular reference to
the exchange rate pass-through, of price level targeting (PLT), average inflation targeting
(AIT) and inflation targeting (IT) strategies when the effective lower bound on the monetary
policy rate can be binding. The results of simulating the canonical open-economy New
Keynesian model -- in which the assumption of local currency pricing holds and which is
calibrated without loss of generality to the euro area -- are as follows. First, make-up
strategies (PLT and AIT) stabilize inflation better than IT, by favoring a smaller appreciation
(larger depreciation) of the nominal exchange rate in the event of disinflationary demand
(supply) shocks. Second, and in connection with this, the exchange rate pass-through to
import prices is more limited under make-up strategies than under IT, as the former stabilize
the inflation rate of imports to a greater extent. Third, the results are robust to alternative
values of import price stickiness and elasticity of substitution between domestic and imported
goods. Fourth, the stabilization properties of make-up strategies are qualitatively preserved
under partially backward-looking inflation expectations, although the relative gains of make-
up strategies with respect to I'T are smaller than under model-consistent inflation expectations.
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1 Introduction!

The well-documented persistent decline in the natural rate of interest, coupled with sluggish
growth and low inflation in some advanced economies during the pre-Covid 19 period, has shaped
the debate about how to appropriately conduct monetary policy to support the economy and
bring inflation at the central bank’s target if the effective lower bound (ELB) is likely to constrain
the monetary policy rate. While currently estimates of the natural rate of interest are surrounded
by large uncertainty, secular stagnation forces are likely to keep exerting downward pressures even
when inflation returns to values close to its long-run target.2 Thus, the likelihood that the policy

rate approaches again the ELB would still be non-negligible.

Most of the attention has been devoted to so-called “make-up strategies”, such as average
inflation targeting (AIT) and price level targeting (PLT). The key features of such strategies — as
opposed to inflation targeting (IT) — is the property that “bygones are not bygones”: if inflation
has fallen short of the central bank target in the past, higher inflation is to be expected in the
future, to compensate (i.e. make-up) for past inflation misses. These strategies are thus regarded
as effective at stabilizing inflation and economic activity in a low interest rate environment by
either reducing the likelihood of reaching the ELB or by providing a faster exit from it (see the

related literature discussed below).

While there already exist several studies that evaluate the effectiveness of make-up strate-
gies in closed-economy settings, their properties in open-economy remain fairly unexplored. In
particular, the dynamics of the nominal exchange rate and its impact on prices (the so-called
“exchange rate pass-through”, ERPT) can in principle be affected not only by the type of shock
hitting the economy, as pointed out by Forbes et al. (2018), and Corsetti et al. (2008) (“shock-
dependent” ERPT) but also by the type of implemented monetary policy strategy. Moreover,
the ERPT in turn can affect the macroeconomic stabilization properties of monetary policy in

response to a given shock.

This paper evaluates the macroeconomic stabilization properties, with particular reference
to the ERPT, of make-up strategies by simulating the canonical two-country New Keynesian
model, in which the local currency pricing (LCP) assumption holds and the ELB is allowed to be
endogenously binding with a non-negligible probability in the domestic economy. We calibrate
the latter to the euro area (EA), since the ELB has been constraining the usage of the monetary
policy rate in the EA over the past years. The second region is calibrated to the rest of the
world (RW). We assume that the RW central bank sticks to IT. The two-country model allows
us to fully exploit the general equilibrium discipline and transparency in deriving our results.

We focus on the EA, which is our case study, but our results should be thought of as general

1The views expressed in this paper are those of the authors alone and should not be attributed to the Bank of
Italy or the Eurosystem. We thank Michele Caivano, Stefano Neri, and Paolo Del Giovane for useful comments.
All errors are ours.

2See e.g. “How Will the Pandemic and War Shape Future Monetary Policy?”, Remarks by Gita Gopinath
(IMF) Prepared for the 2022 Jackson Hole Symposium, August 26, 2022



and valid also for other advanced economies.

Specifically, we compare, for the EA, the monetary policy regimes IT, AIT, and PLT in terms
of their implications for macroeconomic stability and ERPT, under the assumption that the ELB
can be binding due to disinflationary demand and supply shocks. The demand shock is a EA
positive risk premium shock (i.e., recessionary and disinflationary), which induces households
to save in domestic currency-denominated bonds, while the disinflationary supply shock is a
EA negative price markup shock (i.e., expansionary and disinflationary) to both domestic and

imported goods in the EA.

In the model, each country is specialized in the production of an intermediate tradable good.
Tradables are imperfect substitutes. Nominal prices of exports and imports are set in the currency
of the destination markets and are sticky in the short run (the assumptions of international price
discrimination and LCP hold). To gauge the robustness of our results to the interaction of
exchange rate dynamics and make-up strategies, we also consider the cases of low import and
export nominal price rigidities and of alternative values of the elasticity of substitution among
tradables. Moreover, since the effectiveness of make-up strategies in stabilizing inflation crucially
hinges on the degree of forward-lookingness of inflation expectations, we extend our analysis to
the case of “hybrid” inflation expectations, modeled as a combination of model-consistent (i.e.,

rational) and adaptive (i.e., backward-looking) inflation expectations.
Our results are as follows.

First, make-up strategies (PLT and AIT) stabilize inflation better than IT, by favoring a
smaller appreciation (larger depreciation) of the nominal exchange rate in the event of disin-
flationary demand (supply) shocks. Second, and in connection with this, the ERPT to import
prices is more limited under make-up strategies than under IT, as the former stabilize the in-
flation rate of imports to a greater extent. Third, the results are robust to alternative values
of import price stickiness and elasticity of substitution between domestic and imported goods.
Fourth, the stabilization properties of make-up strategies are qualitatively preserved under par-
tially backward-looking inflation expectations, although the relative gains of make-up strategies

with respect to IT are smaller than under model-consistent inflation expectations.

The intuition for the results is the following. When a disinflationary shock takes the policy
rate to the ELB, under make-up strategies, the central bank promises to keep the policy rate
at a low level for longer than under IT. Lower current and expected future policy rates increase
inflation expectations, hence reducing expected real rates and, in turn, favoring a larger improve-
ment in current EA aggregate demand and a smaller nominal exchange rate appreciation or a
larger depreciation, depending on the shock hitting the economy. Both factors further stimulate
economic activity and inflation and, thus, in equilibrium, an earlier exit from the ELB (or the
avoidance of the latter). In particular, the larger depreciation sustains exports and, jointly with
the improved expected domestic aggregate demand that stimulates imports, also raises import
price inflation. These effects are especially large under PLT which turns out to be the strategy

that provides the best stabilization.



This paper contributes to the literature on monetary policy strategies in a low interest rate
environment. In particular, Bernanke et al. (2019) discuss alternative tools that central banks
could adopt in order to overcome the limits posed by the ELB. Alternative monetary policy
strategies in the EA have been analyzed by Busetti et al. (2021), Coenen et al. (2021) and
Erceg et al. (2021). Counsistently with Bernanke et al. (2019), they all find that lower-for-longer
strategies help the economy recover from periods at the ELB. Specifically, PLT is the most
effective strategy in terms of stabilizing inflation and output and of reducing the duration and
frequency of ELB episodes. We add to these contributions by systematically evaluating the open-
economy dimension of the make-up strategies with the canonical New Keynesian open-economy
model and by showing that qualitatively the results are in line with those obtained in closed-
economy. Crucially, we show that the open-economy dimension offers additional insights about
the transmission mechanism of macroeconomic shocks under make-up strategies, especially as
regards the dynamics of the exchange rate and ERPT. A few contributions assess PLT properties
in open economy. Svensson (2006) describes the “Foolproof Way”, consisting of PLT, currency
depreciation and commitment to a currency peg and a zero interest rate until the price-level
target path has been reached. According to the author, it is likely to be the most effective
policy to raise expectations on the future price level, stimulate the economy, and escape from a
liquidity trap. Dib et al. (2013) explore the desirability of PLT in a small open economy with
credit frictions. Different from these papers, we make a systematic comparison of PLT, AIT, and
IT in terms of their macroeconomic stabilization properties.> Azcona (2018) simulates a small-
open-economy New Keynesian model estimated with Canadian data and finds that supply shocks
cause less nominal and real exchange rate volatility under PLT. Different from this contribution,
we consider the properties of PLT when the ELB can be binding. Moreover, we also consider
also the properties of AIT and IT and their implications for ERPT.

This paper also contributes to the literature on ERPT. Forbes et al. (2018) and Corsetti et al.
(2008) evaluate how ERPT is affected in general equilibrium by different structural (demand and
supply) shocks. We build on these contributions by assessing, in general equilibrium, not only
the impact of different shocks but also the role of alternative monetary policy regimes in a low
interest rate environment. Our results confirm the relevance for ERPT of the type of structural
shock affecting the economy and suggest that the type of monetary policy regime implemented

when the ELB can bind matters as well.

The paper is organized as follows. The next section describes the model setup. Section 3

reports the calibration. Section 4 contains the results. Section 5 concludes.*

3We do not analyze alternative exchange rate regimes. Balfoussia et al. (2021) show that, in general, a flexible
exchange rate regime provides better output and inflation stabilization than a fixed exchange rate regime.

4The Appendix complements the paper by reporting the model equations, a complete set of impulse responses
under alternative assumptions on import and export price stickiness and the substitutability between Home and
Foreign goods, as well as under alternative assumptions on the formation of inflation expectations.



2 Model

Our analysis builds on a canonical two-country New Keynesian model, which we briefly illustrate

in the following. One country is labeled Home, the other Foreign.

In each country, there are households that consume, supply labor under monopolistic com-

petition to the domestic firms and invest in domestic physical capital and in financial assets.’

On the production side, in each country there are firms that produce final nontradable goods
for consumption and investment activities under perfect competition. Moreover, there are firms
producing intermediate tradables (that enter the domestic final consumption and investment
bundles) under monopolistic competition using labor and physical capital supplied by the do-
mestic household as inputs. Each firm is price-setter and short-run nominal price rigidities hold.
Domestic and foreign nominal prices are set in local currency taking into account local demand
conditions and quadratic price adjustment costs.® Thus, the assumptions of (exogenous) inter-

national price discrimination and LCP hold.”

Each country’s central bank sets monetary policy according to a Taylor rule (subject to
the ELB), where the policy rate reacts to its previous-period value (to capture inertia in the
monetary policy conduct), to quarterly output growth, and to an inflation measure which, in the
case of IT, is the current consumer price (CPI) inflation rate and in the cases of AIT and PLT
is (backward) average CPI inflation and the consumer price level, respectively.

In what follows we report the key equations of the model, i.e., the Taylor rule’s versions
that describe the alternative monetary policy strategies, and the main equations related to the

open-economy variables.®

2.1 Monetary policy rules

We assume the following specification for the benchmark (IT) monetary policy rule:

Pr 1—pr)pr (1—pr)py
& = mazx i, Rtl (2)( g Yt . (1)
R R R ™ Yt—1

The rule describes how the central bank conducts its monetary policy under a (flexible) IT

strategy. The variable R; is the gross policy rate and R its steady-state value. The parameters
0 <pr <1, pr > 0, p, measure the sensitivity of the policy rate to its lagged value, to the

gross inflation rate m; (in deviation from the central bank target 7, which corresponds to the

5The assumption of cashless economy holds in the model.

6See Rotemberg (1982). The prices are also indexed to previous-period sector-specific inflation and to the
inflation target of the central bank, with corresponding weights having values between 0 and 1 and summing to
1.

"Firms’ profits from monopolistic competition are rebated in a lump-sum way to the domestic household.

8In each country households pay lump-sum taxes to the domestic government to finance public consumption
(the government budget constraint is assumed to be balanced in every period). See Appendix A for a complete
illustration of the model’s equations.



steady-state inflation rate), and to the gross growth rate of output v;/y;_1, respectively.” The
maz operator takes into account the (endogenous) ELB (R is the nominal monetary policy rate

in gross terms, thus it is equal to 1 at the ELB).1°

We analyze the properties of alternative strategies. Specifically, to model PLT, we follow
Eggertsson and Woodford (2003) and Bernanke et al. (2019) and modify the previous rule by

substituting the price level term for the inflation term:

R, 1 <Rt1>Pr <pt>(lpr)pp( Yo >(1p,.)py
= =mazry =, | —= i Y 7 )
R R R Py Ye—1

where p; is the period-t nominal price level, p, the steady-state path of the nominal price level,

and p, > 0 is a parameter that measures the strength of the policy rate response to deviations
of the price level from its long-run trend. The slope of the long-run trend is equal to the steady-
state gross inflation rate, which is set to the central bank’s target. The ratio p;/D, measures the
“price-level gap” and is defined as the (cumulated) product of current and past inflation rate

deviations from the target:
() ;
Dy H ™ ®)

Under PLT, the central bank commits to keeping the price level at the targeted path, therefore
periods in which inflation is above its target are expected to be followed by periods in which
inflation is below target, and vice versa.

In the case of an AIT strategy, the policy rate does not react to current inflation, but to the

average of current and past inflation rates,

Pr avg (17PT)py
L 17(R“> (mev9)(1=pr)0; (yt ) , ()
R R R Yt—1

1

0
avg _ T4 | F+1
=11 ( 7 ) (5)

i=—k

where

is the average of the last k + 1-periods inflation rates (comprehensive of the current-period
inflation rate) and p2*9 > 0 is a parameter that measures the strength of the policy rate response
to deviations of average inflation from the target. Under AIT, therefore, the central bank tends
to adjust the policy rate more gradually in response to deviations of inflation from the target
than under IT.

9The lagged interest rate ensures that the policy rate is adjusted smoothly and captures the idea that the
central bank prefers to avoid large sudden changes in its policy instrument.

10We do not consider the case of the central bank responding to nominal exchange rate fluctuations, which
could be a relevant determinant of macroeconomic conditions in small open economies, nor targeting the nominal
exchange rate to favor the exit from the ELB.



2.2 Open-economy features
2.2.1 Import price setting

On the firms’ side, we assume that Home and Foreign good markets are segmented and each
generic firm sets one price for each destination market in local currency (international price
discrimination and LCP assumptions). Following Dedola and Leduc (2001) and Burlon et al.
(2018), we assume that the (generic) exporter has to pay a quadratic cost to adjust the nominal
price of its exported good invoiced in the currency of the destination market. In the case of a

generic Foreign firm f exporting to the Home country,

ACke () = S5 (p(f)/pm

2
2 ar —l-ag - 1) PF,tYF,tv (6)

where k. > 0 is a parameter measuring the degree of nominal price stickiness of Foreign exports,
pt (f) is the nominal price of generic exported good f, 0 < ap < 1 measures indexation of
current-period prices to the previous-period inflation rate of Home imports mp;_1, 7 is the
inflation rate target set by the Home central bank, Pr; is the price of the Foreign export basket,
and Y, is the basket.!!

The log-linearized pricing equation, implied by the first-order condition of the export price

setting problem solved by the representative Foreign firm, is'?

1 §
T+ 7 (i — 1) (1+)
. M’(Et
1+ k07 (up — 1) (1+ B)
kpm? (pp — 1) (BEtﬁF,t-&-l + ﬁF,t—l)
1+ k7 (ur — 1) (1+ B)
MC; )
+ 2t 7
T (e~ D (L4 8) @)

Prpy =

where M/CT;,t is the marginal cost of production, pp the steady-state markup, SA’t is the Home
nominal exchange rate, defined as number of Home currency units per unit of Foreign currency,
and 0 < /3 < 1 the foreign household’s discount factor. When k%, > 0, the term that premultiplies
the nominal exchange rate S, is smaller than one and, thus, the direct impact of exchange rate
on import prices is smaller. The higher is price stickiness (higher x%.), the the smaller is the
direct impact. Conversely, when s} tends to 0, import prices are (almost perfectly) flexible,
the term that pre-multiplies the nominal exchange rate approaches one and, thus, the direct

impact is high. The last term Z,; in the equation multiplies the steady-state marginal cost

HSimilar adjustment costs arise for Home firms exporting to the Foreign country.
12Variables with a “hat”are % deviations from the corresponding deterministic steady-state values.
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MC7 and is a markup shock. The term suggests that the ERPT crucially depends on the type
of shock affecting the economy as illustrated by Forbes et al. (2018) and Corsetti et al. (2008). As
reported in Section 4, our results are in line with Forbes et al. (2018) and Corsetti et al. (2008)
and suggest that also the monetary policy regime can matter for the ERPT. In our simulations,
the very same markup shock also (and simultaneously) affects the domestic pricing equation of
Home goods. Finally, a similar equation, albeit without the markup shock, holds for the pricing

of Home goods exported to the Foreign country.

The Home aggregate demand curve for the generic imported intermediate good f is

Yre(f) = (1in> (L=n) (131;’;270))% (%) 7¢nCt

e () ()

where n is the Home country’s size,'® the parameters vg, vmr (0 < vm,vm,r < 1) measure

the weights of Home goods in the Home consumption and investment baskets, respectively (thus
(1 — g ) and (1 — vg,1) are the corresponding weights of Foreign goods in the Home consumption
and investment bundles, respectively); the parameter 8p > 1 is the elasticity of substitution
among imported brands, which is inversely related to the steady-state markup pup = 0p/(0p —1);
P, and P;; are the consumption and investment price deflators, respectively; ¢ > 0 is the
elasticity of substitution between Home and Foreign goods; C, I are consumption and investment

bundles of the representative Home agent, respectively.

Home imports enter the Home consumption basket. The implied consumer price deflator is:

P= [P + (=) PR (9)

Equations similar to (7), (8), and (9) hold for Home exports to the Foreign country. Ceteris
paribus, higher Home consumption and investment demand stimulates import of Foreign goods.
A given nominal exchange rate depreciation of the Home currency vis-a-vis the Foreign currency,
by making Foreign goods more expensive than Home goods, favors the switching of worldwide
demand towards Home-produced goods and a rise in Home consumer prices. The latter reflects
the higher import price inflation associated with the exchange rate depreciation and the the
increase in prices of Home domestic goods due to higher global demand. Symmetric effects are

induced by a nominal exchange rate appreciation.

13Home and Foreign country have size n and 1 — n, respectively, where 0 < n < 1 and world economy size
is normalized to one. The size of a country is equal to the number of households and to the number of firms
operating in each (intermediate and final) sector.

11



2.2.2 International financial structure

Home and Foreign households trade a riskless bond denominated in the Foreign currency (in-
ternational financial markets are incomplete). Home households also trade domestically a bond
which is in zero net supply and is denominated in Home currency. Thus, for Home households
an uncovered interest parity (UIP) condition holds, linking the differential between the Home
and Foreign monetary policy rates to the expected depreciation of the Home currency vis-a-vis
the Foreign currency. Up to a first-order approximation around the deterministic steady state,
the UIP reads as follows:

Ri + 2urps — (Rf - d (I;Ft)) = Et@urh (10)

where R, is the Home monetary policy rate, R;f is the Foreign monetary policy rate, and EtZK\S’tH
is the expected depreciation of the Home vis-a-vis the Foreign currency, with Et@t+1 = FiSi41—
$¢. The function ® is an adjustment cost that ensures stationarity of the Home net foreign asset
position, which would otherwise introduce a unit root in the model.* We also allow for a shock
perturbing the UIP condition: Zgrp;: is a risk premium shock on Home bonds; a positive shock
Zurp, increases the overall return on the bond and induces Home households to substitute
the Home bond for investment in physical capital, consumption, and the bond denominated
in Foreign currency; thus, the increase generates recessionary and disinflationary effects in the
Home economy and the appreciation of the Home currency vis-a-vis the Foreign currency in

nominal terms.

Interestingly for the purposes of our paper, if the ELB holds the Home central bank cannot
decrease the policy rate R, by as much as needed to offset the disinflationary effects of a positive
risk premium shock Zggrp;. Thus, according to Eq. (10), in period ¢ agents would, ceteris
paribus, expect a larger depreciation of the nominal exchange rate in ¢ + 1, that is, a larger

appreciation of the nominal exchange rate in ¢.

The Home net foreign asset position is determined by net exports and interest receipts or

payments on the stock of bonds traded with the Foreign households:
S¢Br
K S,B

w (o ()

where Bp; are the bonds denominated in Foreign currency held at the end of period t, Pp, is

= nStBF’t,1 + nStP;I,tY;I,t — (1 — n) PF,tYF,tu (11)

14The term

& (2P br) = gua— n (G2 i) 20

P exp [¢b,2 (St%tl” — bp)] +1

is the adjustment cost on aggregate foreign bond position B, expressed in domestic consumption units (it is

divided by the domestic consumption deflator P;) as a deviation from its steady-state value br. The adjustment
cost is taken as given by each household. See Schmitt-Grohe and Uribe (2003) and Benigno (2009).

12



the price in Foreign currency of Home exports Yy s Pry is the price in Home currency of Home

imports of Foreign goods Yr ;.

Thus, the nominal exchange rate is determined by both the UIP condition and the net foreign
asset position and its fluctuations allow for the clearing of international goods and financial

markets.

2.2.3 ERPT

In what follows we measure the ERPT to import and consumer prices, consistent with Forbes
et al. (2018), as the ratio of the cumulative responses to a given shock of the corresponding
inflation rate relative to the nominal exchange rate change, i.e., the corresponding ratio of price

level relative to the exchange rate level. Thus, the ERPT to Home import prices in the generic

period ¢ is
P,
ERPTyps = —2t, (12)
St
while the ERPT to Home consumer prices is
P
ERPT,, = =, (13)
St

where the considered price and exchange rate levels are computed by cumulating from period
0 (i.e., the starting period of the simulation) to period ¢ the period-by-period inflation rates
and nominal exchange rate changes, taken as deviations from their corresponding (pre-shock)

steady-state values.

3 Calibration

The model is calibrated at quarterly frequency and parameter values are taken mainly from
Warne et al. (2008) and Busetti et al. (2021). Home is calibrated to the EA, Foreign to the RW.
For simplicity and without loss of generality we calibrate the RW economy simmetrically to the

EA economy, but for home bias and size.

Table 1 reports the steady-state inflation and interest rates values and the great ratios. The
net annualized inflation rate is 2.0%. The steady-state (nominal) gross policy rate equals the
ratio between gross inflation and the households’ discount factor.!® The implied (net) policy
rate is 2.1%, such that the (net) real interest rate is almost zero, consistent with estimates of

the natural rate in advanced economies (secular stagnation hypothesis).!® Private consumption,

15The economy gross growth rate is always set to 1 (thus, the net growth rate is assumed to be zero).

161n the (flexible-price) steady-state equilibrium, the real rate corresponds to the natural rate. Busetti et al.
(2021) set it to 0%, following evidence on the natural rate in the EA (Brand et al., 2018 and Neri and Gerali,
2017). As discussed in Section 1, current estimates of the natural rate are surrounded by high uncertainty and do
not exclude zero or negative values, see e.g. “Small steps in a dark room: guiding policy on the path out of the
pandemic” speech by Fabio Panetta (ECB) at the European University Institute, February 2022. We therefore

13



public consumption, and investment are set to 60%, 20%, and 20% of GDP, respectively. EA
imports sum up to 16% of GDP, with imports of consumption and investment goods being 11%
and 5% of GDP, respectively. Conversely, the RW imports to GDP from the EA amount to 4%,
consistent with the assumption of a steady-state trade balance equal to zero. The Home net
foreign asset position is set to zero as well. The size of the two countries is calibrated to set the

shares of world GDP to 20% and 80% in Home and Foreign, respectively.

Table 2 reports the calibration of the structural parameters. Values for the monetary policy
rule are borrowed from the estimates of Warne et al. (2008). The policy rate is adjusted in a
gradual way, given that the corresponding coefficient, p,., is set to 0.867. The response of the
policy rate to inflation, p,, is relatively large and equal to 1.9. The responses of the policy rate
to the price level, p, in Eq. (2) and to average inflation, p2“9 in Eq. (4), are also set to 1.9. The
number of past and current inflation rates in the AIT is set to 8 (thus, the time window used to
compute the average inflation is 8 quarters including the current one). The response to output
growth, p,, is set to 0.15.

Turning to preferences, the elasticity of intertemporal substitution is set to 1 (i.e., log pref-
erences in consumption), the discount factor to 0.9998, consistent with, as said above, a net
natural rate equal to 0.1% in steady state. The consumption habit parameter is set to 0.57, the
Frisch elasticity of labor supply to 0.667. The home bias parameters are set in order to match
the corresponding shares of imports to GDP in both the EA and RW, while the intratemporal
elasticity of substitution between Home and Foreign goods is set to 1.5, in line with the estimate
of Adolfson et al. (2007).

As regards technology parameters, in the Cobb-Douglas production function the elasticity of
output to physical capital is 0.53, which ensures a steady-state share of investment to GDP equal
to 20%. The depreciation rate of physical capital is set to 0.025. The investment adjustment
cost is equal to 3. The elasticities of substitution among good and labor varieties are set to 6

and 4.3, respectively. They imply steady-state markups of 1.2 and 1.3, respectively.

Concerning nominal rigidities, parameters measuring the cost for adjusting the price of goods,
both domestic and imported ones, are all set to 120, which would correspond, in Calvo (1983)
terms, to a probability of not adjusting prices of 0.82 (with an average duration of a price spell
of five quarters). The one for adjusting nominal wages is set to 300, corresponding to a Calvo
(1983) probability of 0.75 (i.e. the average length among two consecutive wage adjustments is
four quarters). The parameters that measure the degree of indexation to previous-period inflation
are set to 0.40 and 0.64 for prices and wages, respectively. The chosen calibration allows us to
obtain responses of output and inflation to main macroeconomic shocks consistent with those
obtained by Warne et al. (2008) with an estimated DSGE model of the EA.

Finally, we include a shock to the risk premium on domestic (i.e., domestic-currency-denominated)
bonds held by the EA households (i.e., a EA aggregate demand shock), Zgrp, in Eq. (10), and

rely on less uncertain estimates prior to the unprecedented shocks that hit the euro area since 2020.
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a simultaneous shock to the price markup of both EA goods sold domestically and EA imports
of RW goods, i.e., the same shock 2, (see Eq. 7) simultaneously affects the supply of both
domestic and imported goods in the EA. We do not consider a monetary policy shock. Thus, the
monetary policy rate always follows the assumed instrument rule. The log of shocks follows an
AR(1) process, with persistence set to 0.9, similar to Warne et al. (2008). The standard devia-
tion of the shocks, jointly with their persistence, are calibrated to generate theoretical moments
generally in line with the volatilities of the corresponding EA data for the sample 1995-2014, i.e.
before the ELB on the EA policy rate started binding.!” Table 3 reports the volatilities observed
in the data and the corresponding values generated by simulating the model (disregarding the
ELB).'® The model-based volatilities are generally in line with the corresponding values observed
in the data and they are also in line with Busetti et al. (2021).

4 Results

To study the stabilization properties of make-up strategies in an open-economy setting, we start
by reporting the impulse responses of EA variables to disinflationary demand and supply shocks
that individually hit the EA. Similarly to what Busetti et al. (2021) do in a closed-economy
setting, for the impulse response analysis we set the size of each shock such that the policy rate
hits the ELB under the IT regime, for illustration purposes. These calibrated shock sizes are
not necessarily in line with empirical evidence. For example, for values of the markup shock in
line with empirical evidence the ELB would not be hit starting from the assumed steady-state
value of the policy rate. Therefore, impulse responses under IT, AIT, and PLT implemented in
the EA necessarily provide only an illustrative evaluation of the monetary policy strategies in
response to a single shock. Conversely, in the (quantitative) moment analysis of Section 4.2 the
shocks are calibrated in line with before-ELB empirical evidence and we evaluate the alternative
monetary policy strategies on the basis of simulated moments and frequency and duration of
the ELB episodes. The overall analysis is performed under the assumption of perfect foresight.
Thus, uncertainty and risk considerations do not enter the decisions of households and firms. In
the impulse-response analysis agents are surprised by the shock only in the initial period and
fully anticipate its future dynamics. In the stochastic simulations, different from the impulse
responses, agents are surprised by a new realization of the shocks in every period. Throughout
the overall analysis it is assumed that the RW follows the IT regime. We initially report results
under the benchmark calibration, i.e. high import and export price stickiness. Subsequently, we
consider the case of low import and export price stickiness, we assess the role of high elasticity
of substitution between domestic and imported tradables and the impact of monetary policy
regimes on ERPT. Finally, we report the results of the moment analysis, performed also under

the assumption of “hybrid”, i.e. partially model- consistent and partially adaptive, inflation

17The same values are used to generate the stochastic simulations analyzed in Section 4.2.
18Data are from the Area Wide Model dataset (Fagan et al., 2001), except for imports and exports (both growth
rates and deflators) for which we exclude intra-EA trade flows.
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expectations.

In our simulations we consider a symmetric equilibrium, i.e., in each economy there is a rep-
resentative household, a representative firm in the final nontradable sector, and a representative
firm in the intermediate tradable sector. Each of them satisfies the corresponding first order
conditions, budget and technology constraints, while the central banks follow the corresponding
monetary policy rules, the government satisfies its budget constraint and the market clearing

conditions hold.

4.1 Impulse responses
4.1.1 Positive EA risk premium shock

Fig. 1 plots the impulse responses of EA variables to a positive (i.e. recessionary and disin-
flationary) risk premium shock (i.e., a negative aggregate demand shock) in the EA under the
alternative monetary policy strategies. The shock is modeled as an exogenous increase in the
return of the bond denominated in EA currency. It is the term Zgrp+, in the UIP condition,
Eq. (10).°

The shock induces households and firms to reduce consumption and investment (black-solid
lines depict the case without the ELB, red-dashed lines depict the case when it is allowed for, both
under IT). As a consequence, firms cut inputs (labor and capital, not reported), production and
prices. Thus, the CPI inflation rate falls. Import price inflation decreases as well, contributing
to the overall fall in inflation. The drop in import price inflation is triggered not only by the
lower EA aggregate demand but also by the EA currency nominal appreciation vis-a-vis the RW
currency. The latter is associated with the increase in the gross return on EA bonds, due to its
shock component Zxrp:. EA export prices, set in RW currency, increase, consistent with the

EA currency nominal appreciation.

Given the assumption of import price stickiness (LCP, see Eq. 7), ceteris paribus inflation
of imported goods does not decrease one-for-one with respect to the nominal exchange rate
appreciation. Thus, imports fall following the drop in EA aggregate demand, even if the nominal
exchange rate appreciates. The nominal exchange rate appreciation also makes EA exports to the
RW less competitive and favors their decrease, adding disinflationary pressure on EA economic

conditions.

The ELB amplifies the effects of the recessionary shock, because the EA central bank cannot
lower the policy rate as much as needed to stabilize domestic macroeconomic conditions. Thus,
the fall in inflation and output is larger, as is the appreciation of the nominal exchange rate and

the drop in import price inflation. Both exports and imports drop to a larger extent, consistent

19This shock has been widely used in New Keynesian models to generate business cycle comovement among
macroeconomic variables and is key to build quantitative models where the ELB is relevant for monetary policy
design (see Amano and Shukayev, 2012). It can be interpreted as a structural shock to the demand for safe and
liquid assets (Fisher, 2015).
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with the larger exchange rate appreciation and drop in aggregate demand, respectively.

Turning to the make-up strategies, adopting the PLT or the AIT regime (green lines with
crosses and blue-dotted lines, respectively) reduces the ELB duration. With respect to IT, the
monetary policy rate is only gradually decreased and never reaches the ELB.2° The promise to
keep the policy rate “lower for longer” positively affects households’ and firms’ expectations about
future economic activity. The anticipation of a more accommodative monetary policy stance and,
thus, of a faster improvement in future macroeconomic conditions induces households and firms
to reduce consumption and investment less than under IT. As a result, CPI inflation also falls by
less. In equilibrium, the policy rate does not hit the ELB. In particular, under PLT the central
bank is able to further stabilize output and CPI inflation, because it credibly promises to keep

the policy rate low to fully offset all past inflation misses.?!

Under the make-up strategies, consistent with the expectation of a more accommodative
stance, the exchange rate appreciates to a lesser extent and in a less persistent way than under
IT. The fall in import price inflation is smaller than under IT, reflecting the lower reduction
in EA aggregate demand and the more contained appreciation of the nominal exchange rate,
which is passed-through, even if in a incomplete way, to import prices. Importantly, the lower
fall in import price inflation contributes to the lower drop in CPI inflation. Imports fall to a
smaller extent, consistent with the lower reduction in EA aggregate demand. Exports deteriorate
less, because the smaller exchange rate appreciation implies a lower loss of international price

competitiveness.

Overall, in the case of a domestic risk premium shock make-up strategies do favor macroe-
conomic stability when the ELB can be binding, also by inducing a smaller appreciation of
the nominal exchange rate, which limits the disinflationary pressures due to lower import price

inflation and sustains export competitiveness.??

4.1.2 Negative EA price markup shock

Fig. 2 reports the impulse responses to a negative (i.e. expansionary and disinflationary) price

markup shock to both domestic and imported goods in the EA (i.e., an expansionary shock to the

20Tf the time window for computing average inflation is increased, then the responses under AIT get closer to
those under PLT.

21Tndeed, households anticipate the prolonged period of low interest rates and thus raise aggregate demand. In
equilibrium, the implied higher inflation induces the central bank to raise the policy rate (more than under IT).
Our results are not plagued by the forward-guidance (FG) puzzle, because we do not impose monetary policy
shocks to keep the policy rate constant. What matters is the systematic component of the Taylor rule, that is, the
fact that the policy rate reacts to the price level (PLT) rather than the inflation rate (IT). Moreover, Section 4.2.3
and Appendix C show that our results are robust to relaxing the assumption of model-consistent expectations
(on which the FG puzzle rests) and allowing for a mix of model-consistent and adaptive expectations.

221t could be possible to engineer a disinflationary demand shock that induces a nominal depreciation of the EA
currency, as opposed to an appreciation. The depreciation would support EA inflation by sustaining import price
inflation dynamics. Under such conditions, make-up strategies would still cause a larger nominal depreciation
and, thus, sustain CPI inflation to a larger extent than IT. Hence, the conclusions about the relative effectiveness
of make-up strategies in stabilizing inflation compared to IT would be unaltered. Moreover, the ERPT would still
depend on the monetary policy regime. In particular, it would be lower under make-up strategies than under IT,
as shown in Section 4.1.5.
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supply of goods available to EA households), under the alternative monetary policy strategies.

The shock makes domestic and import prices fall and domestic output increase.

Under all strategies, the central bank lowers the policy rate to bring CPI inflation back to
target. The presence of the ELB exacerbates the disinflationary effects of the shock, while at
the same time partly offsetting the expansion in output, because of a larger increase in the real
interest rate. AIT and PLT are more effective at stabilizing CPI inflation than IT. Under the
two make-up strategies the policy rate stays at low levels — namely, at the ELB under PLT or
close to it under AIT — for a prolonged amount of time, to offset the large initial drop in inflation
and make up for inflation shortfalls from the target, thus stabilizing the average inflation rate in
the case of AIT and the price level in the case of PLT.

The supply-side nature of the shock creates a trade-off for the central bank between stabilizing
inflation and output. Indeed, under AIT and PLT, the increase in output is larger than under IT,
due to the more accommodative stance which dictates a lower-for-longer policy rate and therefore
a lower real interest rate compared to IT. PLT turns out to be the most expansionary strategy,

similarly, in relative terms, to the case of a disinflationary demand (risk premium) shock.

Consistently with the larger expected accommodation provided by make-up strategies, the
EA nominal exchange rate depreciates relatively more under PLT and AIT than under IT,
limiting the fall in imported inflation.?3 The additional boost to aggregate demand makes imports
increase more under PLT (and AIT) compared to IT. EA exports initially decrease in a similar
way under all strategies, because EA firms temporarily raise the price of exports and offset the
negative impact of lower domestic prices on overall profits. Export prices decrease slightly more
in the medium run under PLT because the larger nominal exchange rate depreciation induces a

slightly larger improvement in exports.

Overall, in the case of a disinflationary markup shock, make-up strategies do favor inflation
stabilization when the ELB binds also through a larger exchange rate depreciation. This happens
at the “cost” of a larger increase in aggregate demand and output (which are less stable reflecting
the procyclicality of the strategies), leading to a larger increase in imports. Similarly to the case
of a demand shock, the dynamics triggered by the negative supply shock are in line with those
reported by Busetti et al. (2021).24

23The larger depreciation of the nominal exchange rate under PLT is consistent with the smaller appreciation
under the same regime in the case of the risk-premium shock reported in the previous section.

24The sign of spillovers to the RW depends on the shock hitting the EA. On the one hand, higher EA aggregate
demand increases RW exports and, thus, improves RW macroeconomic conditions. On the other hand, the
dynamics of the exchange rate depends on whether the EA is hit by disinflationary demand or supply shocks,
ultimately determining the responses of RW inflation and output. In case of a demand shock, make-up strategies
in the EA stabilize also inflation and output in the RW mainly because of the smaller appreciation of the EA
currency vis-a-vis the RW currency. Conversely, after a supply shock RW inflation and output respond more
under make-up strategies in the EA than under IT because of the larger depreciation of the EA currency vis-a-vis
the RW currency. Overall, the size of the spillovers is not large, because the RW is a large and closed economy
relative to the EA. Results are reported in the Appendix (see Fig. Al).
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4.1.3 Low import import and export price stickiness

In this section, we set the stickiness parameters in the quadratic adjustment costs on EA import
and export prices to a value close to zero. The parameters (see Eq. 7 for the case of EA import
prices; a similar equation holds for EA export prices) affect the extent to which, ceteris paribus,
exchange rate movements are transmitted to import prices and ultimately to consumer prices.

The smaller the parameter, the larger the direct impact of the exchange rate on import prices.

Fig. 3 reports the impulse responses of the policy rate, CPI inflation, nominal exchange rate,
output, import and export inflation to the positive risk premium shock in the EA. The top row
shows the dynamics under high import price stickiness (benchmark case, the responses are the

same as in Fig. 1), while the bottom row reports the responses with low import price stickiness
in both EA and RW.%?

The properties of the alternative monetary policy strategies illustrated in the case of high
import price stickiness carry through to the case of low import price stickiness. Specifically,
AIT and PLT continue to be more effective than IT in stabilizing inflation and output at the
ELB. Interestingly, low import price stickiness deteriorates the performance of the IT regime.
The nominal exchange rate appreciation induces a larger decrease in import price inflation and,
thus, a larger decrease in overall EA inflation. The policy rate stays for one additional period
at the ELB compared to the case of high import price stickiness. The additional decrease in
inflation further raises the real interest rate at the ELB and thus induces an additional decrease

in aggregate demand and output.

Make-up strategies continue to show a better inflation stabilization performance than IT,
based on the promise to keep the policy rate lower for longer, which exploits the strength of the
(current and future expected) real interest rate channel of monetary policy and the implied lower
appreciation of the nominal exchange rate. Exports and imports decrease in the short run to
a larger and lesser extent (see Fig. A9 in the Appendix), respectively, than under high import
price stickiness under all regimes. The size of the fall is always smaller in the case of make-up
strategies, as the latter limit the nominal exchange rate appreciation (favoring exports) and the

drop in EA aggregate demand (favoring imports).

A similar picture emerges in the case of a EA negative markup shock, as reported in Fig. 4.26
Under IT, with a binding ELB and low import and export price stickiness, the nominal exchange
rate appreciates in equilibrium. The appreciation is needed to balance goods and financial
markets and reflects the insufficient decrease in EA current and expected future interest rates in
response to the large fall in inflation when the ELB binds. As a result, the EA economy faces a

larger drop in inflation if IT holds and the prices of imports and exports are relatively flexible.?7

25Fig. A9 in the Appendix reports the impulse responses of the full set of macroeconomic variables under low
import price stickiness and the three monetary policy strategies at study.

26Fig. A10 of the Appendix reports the impulse responses of the full set of macroeconomic variables under low
import price stickiness and the three monetary policy strategies at study.

27Fig. A1l reports the spillovers to the RW of the two shocks when the import price stickiness is low. Following
the EA risk premium shock, relative to the case of high import price stickiness (see Fig. A1), RW inflation
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Summing up, the superior effectiveness of make-up strategies at stabilizing inflation compared
to IT is confirmed and is clearer under the assumption of low import price stickiness. The
implied smaller appreciation or larger depreciation of the nominal exchange rate favors inflation

stabilization to a larger extent than under high import price stickiness.

4.1.4 The elasticity of substitution between domestic and imported goods

A key parameter in the transmission of aggregate demand and supply shocks and, thus, in the
stabilization properties of alternative monetary policy strategies, is the intratemporal elasticity
of substitution between Home and Foreign goods (labelled ¢). This parameter governs the
degree by which agents are willing to substitute domestic and foreign goods for a given change in
international relative prices. It enters the consumption and investment aggregators and, hence,
the corresponding demand curves and price aggregators (see Eqgs. 8 and 9). Thus, we perform
sensitivity analysis on ¢. For simplicity, we analyze the stabilization role of the alternative

monetary policy strategies only under low import and export price stickiness.?®

Fig. 5 reports the impulse responses of the policy rate, CPI inflation, nominal exchange rate,
output, import and export price deflator inflation to a positive risk premium shock (top row)
and a negative price markup shock (bottom row) in the EA, under, alternatively, the baseline
calibration of the elasticity (¢ = 1.5) and a larger value (¢ = 3).2

Different values of the elasticity of substitution do not substantially alter the responses of

inflation, policy rate, and output under a given monetary policy strategy.

Following a risk premium shock, the degree of substitutability among Home and Foreign
goods only very marginally alters the dynamics of the policy rate, CPI inflation, and nominal
exchange rate, while output falls to a larger extent with a larger elasticity of substitution. Indeed,
in this case EA imports (not shown) tend to increase on impact following the nominal exchange
rate appreciation because of the ensuing favorable competitiveness effect, negatively contributing
to EA output dynamics. The differences with respect to the benchmark calibration are stark in

the case of IT, because of the larger exchange rate appreciation.3’

Turning to the price markup shock, the bottom row of Fig. 5 shows that the performance of

make-up strategies does not greatly change across the two calibrations. Instead, the stabiliza-

and output initially increase because of the appreciation of the EA currency (i.e., the depreciation of the RW
currency), which induces a larger favorable competitiveness effect on RW goods. Make-up strategies continue to
provide better inflation stabilization than IT. Under low import price stickiness and negative EA price markup
shock, the positive response of RW inflation is amplified relative to the case of high import price stickiness. In
particular this is the case under EA PLT, consistent with the larger increase in RW export implied by the larger
rise in EA aggregate demand.

281n the case of high import and export price stickiness, results do not greatly change relative to the benchmark
calibration of ¢. Results are available upon request.

29Fig. A12 and A13 of the Appendix show the dynamics of the full set of macroeconomic variables to each
shock.

30We have also simulated the case of the positive risk premium shock in the EA with alternatively the baseline
calibration of the elasticity (¢ = 1.5) and a halved value (¢ = 0.75). Results (available upon request) are similar
to those reported for the case of high elasticity, the only difference is that changes in exports and imports are
more muted, consistently with the lower substitutability.
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tion properties of IT deteriorate in the high-elasticity case. The nominal exchange rate widely
appreciates under IT. Given the low import and export price stickiness, there is a large fall in
import price inflation and, thus, in overall CPI inflation. The policy rate immediately hits the
ELB. In equilibrium, output increases by a lower extent and inflation decreases more than under

the benchmark calibration of the elasticity.

All in all, make-up strategies prove to be more effective than IT at stabilizing inflation and
output, regardless of the degree of intratemporal elasticity of substitution between domestic and

imported goods.

4.1.5 ERPT and the monetary policy regime

The top row of Fig. 6 reports, for the first four quarters in the case of the risk premium shock,
the EA ERPT to consumer, import and export prices, measured, consistent with the literature,
as the ratio of the corresponding EA price level response to the EA exchange rate response.?!
The key finding is that, consistent with the results previously illustrated, the ERPT is much
lower in absolute value under make-up strategies, in particular under PLT, than under IT when
the ELB holds, because the former stabilize import price and consumer price inflation rates to a

larger extent than IT.

The bottom row of Fig. 6 reports the ERPT in the case of a price markup shock. 32 As
for the risk-premium shock, under make-up strategies the ERPT is smaller than under IT, in
absolute value terms, because EA import and consumer prices decrease less while the exchange

rate depreciates more.33

The top row of Fig. 7 reports the EA ERPT to consumer, import and export prices in the
case of the risk-premium shock and low import and export price stickiness. Consistent with
the low import and export price rigidities, the ERPT is larger in absolute value than in the
corresponding simulations run under the (benchmark) assumption of high import and export
price stickiness. As in those simulations, make-up strategies reduce the ERPT in absolute value

relative to IT by stabilizing price dynamics to a larger extent.

The bottom row of Fig. 7 reports the EA ERPT to consumer, import and export prices in

the case of a price markup shock and low import and export price stickiness.?* Consistent with

31The price levels are computed by cumulating the corresponding quarterly inflation rates, the nominal exchange
rate by cumulating the EA nominal exchange rate quarterly changes, all in deviations from the corresponding
steady-state values. We focus on the first four quarters as it is the time horizon consistent with the notion of
short run. Moreover, the ERPT responses display in some cases kinks beyond the four-quarter horizon due to the
exchange rate becoming very small or to the price level changing sign.

32For the sake of clarity and readability of the figure, the row charts of the ERPT figures do not report the
case of IT with the ELB binding because responses are much larger in absolute value than in the other monetary
policy regimes.

33The ERPT is negative because the exchange rate depreciates (the depreciation is an increase in the EA
exchange rate, thus it is positive) while import prices decrease (the decrease has a minus sign, i.e., the price
decreases are negative).

34For the sake of clarity and readability of the figure, the row charts of the ERPT figures do not report the
case of IT with the ELB binding because responses are much larger in absolute value than in the other monetary
policy regimes.
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the low import and export price rigidities, the ERPT is larger in absolute value than in the
corresponding simulations run under the assumption of high import and export price stickiness.
As in those simulations, make-up strategies reduce the absolute value of the ERPT relative to

IT when the ELB holds by stabilizing price dynamics to a larger extent.
Fig. 8 shows the EA ERPT under the assumption of low import and export price stickiness

and high elasticity of substitution among tradables (the calibration is the same as in Section

4.1.4). Results are similar to those reported in Fig. 7.

Overall, our results on ERPT are in line with and complement those by Forbes et al. (2018)
and Corsetti et al. (2008). ERPT is not only shock-dependent but also monetary policy-regime
dependent.

4.2 Moment-based analysis

We have so far evaluated the stabilization properties of make-up strategies conditional on the
realization of a specific shock. We now assess how they perform relative to IT when the economy

is buffeted by both demand and supply shocks, by resorting to stochastic simulations.

We assume that in each period households and firms are surprised by a new realization of
both shocks, and do not expect further disturbances in the future. Hence, in each period they
are surprised by a new mix of shocks’ realizations. As discussed in Section 3, and similarly to
Busetti et al. (2021), we set the variance of the shocks such that (i) under IT, the policy rate is
at its ELB about 20% of the time, and (ii) the standard deviation of output growth and inflation,

as well as other macroeconomic variables, is in line with empirical evidence for the euro area.??

We assess the performance of each monetary policy regime by comparing the following mea-
sures: i) the mean probability (frequency) and duration of ELB episodes; ii) the mean and
standard deviations of annualized inflation (consumption deflator, import and export deflators)
and annualized policy rate; iii) the standard deviations of the nominal exchange rate quarterly
change and of the quarterly growth rates of output, consumption, investment, exports, and

imports.

4.2.1 Benchmark calibration

Table 4 reports the simulated moments for the benchmark calibration. The third column depicts
the hypothetical case of IT when the ELB is not allowed to bind, which serves as a benchmark
case. The remaining cases allow for the ELB under alternatively: i) IT (fourth column); ii) AIT
(fifth column); iii) PLT (sixth column).36

35We feed the model with the exact same realizations of shocks under the alternative monetary policy strategies.
The standard deviation of the shocks is reported in Table 2. We run the simulations over 500 samples, with each
sample having a length of 200 quarters. After discarding the first 100 quarters as burn-in, we compute statistics
from the simulated samples.

36Note that the moments reported in the third column of Table 4 (under IT without the ELB) are slightly
different from the corresponding theoretical moments shown in Table 3. Indeed, while the former are obtained
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The following results emerge. First, as expected, the presence of the ELB prevents a complete
inflation stabilization under IT, as testified by the lower mean and higher standard deviation
of inflation. The nominal exchange rate and the import price inflation rate are correspondingly
more volatile. Second, make-up strategies reduce both the probability and duration of ELB
episodes. As a consequence, CPI inflation is closer to target under AIT than under IT, and
it is kept at target under PLT (by construction). Inflation volatility is likewise reduced under
make-up strategies. AIT and PLT also deliver less volatility of the exchange rate and thus
of imported goods inflation. Finally, make-up strategies reduce the volatility of real variables,

including imports and exports.

4.2.2 Low import and export price stickiness

We then turn to the case of low import and export price stickiness. Table 5 reports the results.
Not surprisingly, the main difference relative to the benchmark case of high import and export
price stickiness (Table 4) lies in the largely higher volatility of inflation rates. The frequency and
duration of ELB episodes is also higher and the undershooting of inflation under IT and AIT is
more pronounced, while PLT still manages to keep it at 2%. The nominal exchange rate is only
slightly more volatile, while the differences in volatility are larger as regards real macroeconomic
variables. Despite these effects, the main takeaways from our analysis carry through. While
a lower price stickiness reduces their relative gains in terms of frequency and duration of ELB

episodes compared to IT, make-up strategies still provide better macroeconomic stabilization.

All in all, we confirm and support the findings highlighted by the impulse responses anal-
ysis. Make-up strategies entail better inflation stabilization properties than IT, in particular
by reducing the frequency and time in which the policy rate is constrained by the ELB and the
corresponding effects on inflation and economic activity. This is especially true under PLT which
is able to better stabilize inflation and output than both AIT and IT. It must be said that the
superiority of PLT rests on the dominance of demand over supply shocks. If the opposite were
true, then the procyclicality of PLT would still be effective in stabilizing inflation but at the cost
of higher real output instability. These results are in line with those for closed economies (e.g.,
Busetti et al., 2021) and, in addition, show that make-up strategies are also more effective than
IT at reducing the volatility of both nominal and real variables related to the open-economy

dimension.

4.2.3 Hybrid inflation expectations

We have so far assumed that households and firms form their expectations, in particular inflation
expectations, in a rational fashion, meaning that they are formed in a model-consistent way, i.e.,

efficiently using all the available information and consistently with the model, and are inherently

by simulating 500 artificial samples of length 200 quarters, the latter are the theoretical moments obtained by
solving the model in the absence of the ELB.
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forward-looking. Under such assumption, inflation expectations swiftly incorporate the implicit
forward guidance embedded in make-up strategies, which promise an accommodative stance, i.e.

a lower-for-longer monetary policy rate, after disinflationary demand or supply shocks.

In order to shed light on the role of inflation expectations in our open-economy setting,
following Gelain et al. (2019) and Busetti et al. (2021), we depart from the rational expectations
assumption and employ a “hybrid” form of inflation expectations. We focus on expectations
about CPI inflation because it is the central bank’s objective. In particular, we consider hybrid
expectations, i.e., each period agents’ expectations over next period’s CPI inflation rate, Etﬂ‘t+1,

are a weighted average of two terms:
Eymi1 = wFm1 + (1 — w) By, (14)

where F; and F; represent the adaptive and rational (i.e., model-consistent) expectations, respec-
tively. Parameter w (0 < w < 1) is the weight of the adaptive component and can be interpreted
as the fraction of households who employ the adaptive forecast rule for inflation. When w = 0,

expectations collapse to the standard fully-rational case.

Adaptive expectations are formed according to
Fimipr = Fyoame + Ae(me — Fyoame), (15)

where A, (0 < A; < 1) captures the response to the most recent forecast error of inflation. When
Ar = 1, households employ a simple random walk forecast rule. We assume a non-negligible
weight of adaptive expectations by setting w = 0.20 and also assume that agents attach a large

weight to forecast errors by calibrating A, = 0.90.37

Table 6 reports the simulated moments when inflation expectations are hybrid. The impulse-
response analysis is reported in the Appendix.3® Relative to the case of model-consistent expec-
tations, the backward-looking component of inflation expectations induces more frequent and
long-lasting ELB episodes under all monetary policy strategies. The relative gains of make-up
strategies with respect to I'T are somewhat smaller than in the benchmark case. The stabilization
properties of make-up strategies are qualitatively preserved. Under AIT and PLT, CPI inflation
is closer to or exactly at the target, and the standard deviation of both nominal and real vari-
ables is generally reduced relative to IT (when the ELB is allowed to bind). Such differences are,
however, smaller compared to the benchmark case of fully rational (forward-looking) inflation

expectations.

37This calibration ensures the smallest possible deviation from the fully rational expectations solution that
generates non-negligible effects, while also preserving the numerical feasibility of the solution with hybrid expec-
tations.

38The calibration of the parameters governing the expectation formation process (equations 14 and 15 in the
text) is the same as for the impulse response analysis, reported in the Appendix (see Figs. A2-A8). The shocks
realizations used in the simulation are the same used in the case of rational expectations.

24



5 Conclusions

We have evaluated the macroeconomic stabilization properties, with particular reference to the
ERPT, of make-up strategies, by simulating the canonical two-country New Keynesian model, in

which the LCP assumption holds and the ELLB may be binding with a non-negligible probability.
According to our results, make-up strategies (PLT and AIT) stabilize inflation better than

IT, by favoring a smaller appreciation (larger depreciation) of the nominal exchange rate in the
event of disinflationary demand (supply) shocks. The ERPT to import prices is more limited
under make-up strategies than under IT, as the former stabilize the inflation rate of imports to
a greater extent. Moreover, the results are robust to alternative values of import price stickiness
and elasticity of substitution between domestic and imported goods. Finally, the stabilization
properties of make-up strategies are qualitatively preserved under partially backward-looking
inflation expectations, although the relative gains of make-up strategies with respect to IT are

smaller than under model-consistent inflation expectations.

In our analysis we have focused on make-up strategies and ERPT in a single open economy
where the ELB limits policy rate movements. The interaction among the strategies, ERPT, and
the ELB can be considered when both make-up strategies and the ELB hold simultaneously in
more than one country. Their implications for international monetary policy coordination could

be examined. We leave these issues to future research.
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Table 1: Steady-state equilibrium

Variable EA RW

Monetary policy

Inflation rate (400*(7-1)) 2.0 2.0
Nominal interest rate (400%(R-1)) 2.1 2.1
Real interest rate 0.1 0.1

National accounts

Private consumption 60.0 60.0
Public consumption 20.0 20.0
Investment 20.0 20.0
Imports of consumption goods 11.0 2.75
Imports of investment goods 5.0 1.25
Trade balance 0.0 0.0
Net foreign asset position 0.0 0.0
Share of world GDP 20.0 80.0

Note: inflation and interest rates are reported as net annual-

ized percentage point values. Other variables as % of GDP.

28



Table 2: Calibration

Parameter Value

Monetary policy

Interest rate smoothing (p,) 0.867
Response to inflation under IT (p,) 1.9
Response to price level under PLT (p,) 1.9
Response to average inflation under AIT (p2v9) 1.9
Response to output growth (py) 0.15
Preferences

Elasticity of intertemporal substitution (1/0) 1
Discount factor (5) 0.9998
Habit in consumption (b.) 0.57
Frisch elasticity of labor supply (1/¢) 0.667
EA net foreign asset position premium (¢ 1, ¢b.2) 0.01
EA home bias in consumption good (v ) 0.82
EA home bias in investment good (yg,r) 0.75
RW home bias in consumption good (yr) 0.95
RW home bias in investment good (g r) 0.94
Intratemporal elasticity of substitution between domestic and imported goods (¢) 1.5
Technology

Share of capital in production («) 0.53
Capital depreciation rate (0) 0.025
Investment adjustment cost (v) 3.0
Elasticity of substitution among brands (6, r) 6.0
Elasticity of substitution among labor varieties (6.,) 4.3

Nominal rigidities

Price stickiness domestic goods (Rotemberg, x%;, k%) 120
Price stickiness exported goods (Rotemberg, %/, k') 120
Wage stickiness (Rotemberg, xw, Kjy) 300
Price indexation to previous-period inflation (a g, ap, aj;, af) 0.40
Wage indexation to previous-period inflation (o, o) 0.64

EA shock persistence (AR(1) coefficient)
Risk premium to return on domestic bond 0.9
Price markup 0.9

EA shock standard deviation
Risk premium to return on domestic bond 0.4
Price markup 2.2

Note: calibration is the same for EA and RW unless otherwise stated.
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Table 3: Standard deviations of selected variables

Data Model

Short-term interest rate 1.82 2.92
Consumption deflator 0.31 0.62
Import deflator 2.12 0.68
Export deflator 1.26 0.19
GDP 0.60 0.88
Consumption 0.42 1.11
Investment 1.41 2.53
Exports 2.50 0.33
Imports 1.96 1.54
Nominal effective exchange rate  2.41 2.50

Note: For deflators, nominal exchange rate, GDP and its com-
ponents we report the quarterly percent changes. Model-based
GDP (output) and its components are computed at steady-
state relative prices (real terms). Interest rate in annualized
percentage points. Data moments refer to the period 1995-
2014 (before the ELB on the EA policy rate started binding)
and are from the Area Wide Model dataset, except for im-
ports and exports (both growth rates and deflators) for which
we exclude intra-EA trade flows.
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Table 4: Simulated moments: benchmark calibration

1T IT AIT PLT
(without ELB)

ELB

Policy rate

Nominal exchange rate

Import deflator

Consumption deflator

Export deflator

Output
Consumption
Investment
Exports
Imports

Frequency 21.8 19.0 13.8 15.7
Duration 5.18 4.34 296 3.60
Mean (r) 2.29 2.93 245 2.35
o(r) 2.45 2.27  1.66 1.69
o (As) 2.53 4.69 3.57 1.92
Mean (7g) 2.10 0.86 1.66 2.00
o(mr) 2.54 5.19 3.37 0.98
Mean () 2.10 0.86 1.65 2.00
o (m) 2.33 4.81 3.12 0.73
Mean (773;) 2.00 2.00 1.99 1.99
o (7)) 0.74 1.10 0.86 0.70
o (AY) 0.90 1.26 1.19 0.75
o (AQ) 1.13 1.96 1.63 0.92
o (AI) 2.55 5.05 3.76 2.43
o (AYF) 0.32 0.42 0.36 0.31
o (AYFR) 1.57 2.24  2.03 1.42

IT: inflation targeting; AIT:

average inflation targeting; PLT: price level targeting. ELB Frequency: fre-

quency of ELB episodes (% of simulated periods); ELB Duration: mean duration of ELB (quarters). For

output and its components we report the quarterly changes. Output and its components are computed

at steady-state relative prices (real terms). For deflators we report the annualized quarterly changes (i.e.,

annualized inflation rate in pp, @ = 400 * (IT — 1)); for the nominal exchange rate we report the quarterly

change in pp. Policy rate in annualized pp (r = 400 * (R — 1)); o(z): standard deviation of variable z.
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Table 5: Simulated moments: low import and export price stickiness

IT IT AIT PLT
(without ELB)

ELB Frequency 23.1 19.3 154 17.3
Duration 5.31 4.30 3.38 4.05
Policy rate Mean (r) 2.29 3.03 248 2.38
o(r) 2.58 237 1.74 1.77
Nominal exchange rate o (As) 2.45 5.08 3.70 1.93
Import deflator Mean () 2.12 037 1.51 2.01
o(mr) 4.09 9.25 6.22 2.06
Consumption deflator ~ Mean () 2.10 0.38 1.47 2.00
o () 2.62 6.21  3.90 0.91
Export deflator Mean (773;) 2.00 2.03 2.00 1.99
o (%) 1.43 351 2.21 1.28
Output o (AY) 0.94 141 1.29 0.79
Consumption o (AC) 1.08 212 1.64 0.92
Investment o (AI) 2.59 5.51  3.79 2.60
Exports o (AY}) 0.57 1.27 0.84 0.52
Imports o (AYF) 1.49 2.04 1.68 1.53

IT: inflation targeting; AIT: average inflation targeting; PLT: price level targeting. ELB Frequency: fre-
quency of ELB episodes (% of simulated periods); ELB Duration: mean duration of ELB (quarters). For
output and its components we report the quarterly changes. Output and its components are computed
at steady-state relative prices (real terms). For deflators we report the annualized quarterly changes (i.e.,
annualized inflation rate in pp, @ = 400 * (IT — 1)); for the nominal exchange rate we report the quarterly

change in pp. Policy rate in annualized pp (r = 400 * (R — 1)); o(x): standard deviation of variable z.
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Table 6: Simulated moments: hybrid expectations

1T IT AIT PLT
(without ELB)

ELB

Policy rate

Nominal exchange rate

Import deflator

Consumption deflator

Export deflator

Output
Consumption
Investment
Exports
Imports

Frequency 22.8 19.6 15.2 17.1
Duration 5.41 4.52  3.27 3.94
Mean (r) 2.31 2.93 252 2.37
o(r) 2.57 2.31 1.75 1.76
o (As) 2.47 4.46 3.86 1.93
Mean (7g) 2.11 0.97 1.46 2.00
o(rp) 2.73 4.86 4.13 1.10
Mean () 2.11 1.01 1.45 2.00
o (m) 2.51 4.48 3.84 0.84
Mean (773;) 2.00 2.05 1.99 1.99
o (my) 0.81 1.12 1.05 0.77
o (AY) 0.91 1.15 1.25 0.76
o (AQ) 1.14 1.79 1.80 0.93
o (AI) 2.55 3.92 4.18 2.48
o (AY}) 0.35 0.42 042 0.34
o (AYFR) 1.59 1.97 2.12 1.45

IT: inflation targeting; AIT:

average inflation targeting; PLT: price level targeting. ELB Frequency: fre-

quency of ELB episodes (% of simulated periods); ELB Duration: mean duration of ELB (quarters). For

output and its components we report the quarterly changes. Output and its components are computed

at steady-state relative prices (real terms). For deflators we report the annualized quarterly changes (i.e.,

annualized inflation rate in pp, @ = 400 * (IT — 1)); for the nominal exchange rate we report the quarterly

change in pp. Policy rate in annualized pp (r = 400 * (R — 1)); o(z): standard deviation of variable z.
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Figure 1: Positive EA risk premium shock.
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Figure 2: Negative EA price markup shock.
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Figure 3: Positive EA risk premium shock: high vs low import and export price stickiness.
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Figure 4: Negative EA price markup shock: high vs. low import and export price stickiness

SMonetarypoIicyrate ) Inflation 20Numinal exchange rate 15 Output Tflation imported goods 2Ig\flation exported goods
2
151455r 154
1
» 15 | % )
0 t S
£ 10 i 0.5
31 ( '
@ of
9]
L 05
a 5 -0.5
=
h=y
I g -1
0J -15
-0.5 \
N 2
«
1 -8 -5 0 -10 2.5
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
25Mv:metaxrypolicyrate . Inflation 0Nominalt=3><chamgerate 15 Output Ig\flationimportedgoods Ig]flationexportedgoods
2
L 15
15}
P H 10
S 1
£
<
S o5 5
@
9]
£ o
o
E
- 5
-1H
-10
15F
2 -15 0
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

‘—NoELBHTmEA == w= == E|B+ITinEA ®sesssssss ELB + AIT in EA 4‘*ELB+PLTinEA‘

Notes: quarters on the horizontal axis; on the vertical axis, %deviations from the steady-state; inflation rates: annualized pp deviations from the

steady-state; and interest rate: %annualized levels; nominal exchange rate: level, %deviations from the steady-state, += depreciation. Top row:
high import and export price nominal rigidities. Bottom row: low import and export price nominal rigidities.



8¢

Figure 5: EA risk premium shock, price markup shock and ELB - low import and export price stickiness: baseline vs higher intratemporal

elasticity of substitution between traded goods.
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Notes: quarters on the horizontal axis; on the vertical axis, ratio of the considered price level-to-exchange

rate level.
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Figure 7: ERPT with low import and export price stickiness.
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Figure 8: ERPT with low import and export price stickiness and higher intratemporal elasticity

of substitution between traded goods.
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Appendix

A Model setup

The model is an open economy, New Keynesian framework. It is composed of two regions: Home
(H) and Foreign (F). The size of the world economy is normalized to 1. Home and Foreign
countries have sizes equal to n, and (1 —n), respectively, with 0 < n < 1. For each region,
the size refers to the overall households’ population and to the number of firms operating in
each sector (intermediate tradable, final nontradable consumption, final nontradable investment).
Each region has a central bank that sets the nominal interest rate according to a standard Taylor
rule, and reacts to domestic consumer price inflation and real output growth. Nominal wages

are sticky.

Households consume a final good, which is a composite of intermediate tradable goods. Inter-
mediate tradables are domestically produced or imported. All households supply differentiated
labor services to domestic firms and act as wage setters in monopolistically competitive labor
markets, as they charge a wage markup over their marginal rate of substitution between con-

sumption and leisure.

Home households trade two bonds. One is traded domestically, and is denominated in domes-
tic currency. The other is internationally traded, and is denominated in Foreign currency. The
related first order conditions imply that an uncovered interest parity condition holds, linking the
differential between Home and Foreign monetary policy rates to the expected depreciation of the

exchange rate of the Home currency vis-a-vis the Foreign currency.

On the production side there are firms that, under perfect competition, produce two final
manufacturing goods (consumption and investment goods), and firms that, under monopolistic

competition, produce intermediate (internationally) tradable goods.

The final (consumption and investment) goods are sold domestically and are produced com-
bining all available intermediate goods using a constant-elasticity-of-substitution (CES) produc-
tion function. The two resulting bundles can have different compositions. Intermediate tradable

goods are produced combining capital and labor, supplied by the domestic households.

Given the assumption of differentiated intermediate goods, firms have market power, are
price-setters and restrict output to create excess profits. Intermediate tradable goods can be
sold domestically and abroad. It is assumed that markets for tradable goods are segmented, so

that firms can set a different price in each of the two regions.

In line with other dynamic general equilibrium models of the EA (see, among the others,
Christoffel et al., 2008 and Gomes et al., 2010), we include adjustment costs on real and nominal
variables, ensuring that consumption, production, wages, and prices react in a gradual way to a
given shock. On the real side, habits and quadratic costs prolong the adjustment of consumption

and investment, respectively. On the nominal side, quadratic costs make wages and prices
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sticky.3?

A.1 Firms

In what follows, we initially show the final good sectors (private consumption good, investment
good, public consumption good). Thereafter, the intermediate good sector. We report only
equations for Home. Similar equations hold for Foreign. We explicitly state when this is not the

case. 0

A.1.1 Final private consumption good

There is a continuum of symmetric Home firms producing final nontradable consumption goods
under perfect competition. Each firm producing the consumption good is indexed by z € (0,n],
where the parameter 0 < n < 1 measures the size of H. Firms in F are indexed by z* € (n,1 — n).
The CES production technology used by the generic firm z is

]
p—1 | ¢—1
[

+ (1 —ym)? Cpy () , (16)

o—1
¢

Ci(@) = |yiCu,(a)

where C'y and C'r are bundles of, respectively, intermediate tradables produced in Home and
Foreign country. The parameter ¢ > 0 is the elasticity of substitution between domestic and

imported tradable goods. The parameter vy (0 < vy < 1) is the weight of the Home tradable.

The domestically-produced manufacturing good for consumption purposes C is a composite
basket of a continuum of differentiated intermediate goods, each supplied by a different Home

firm h operating in the intermediate sector. It is produced according to the following function:

1 0m  rn 0 —1 Thll
CVH,t (LL') = [<n> / CH,t (ha (E) on dh‘| ) (17)
0

where 0y > 1 being the elasticity of substitution among Home-produced intermediate brands h

used as inputs by the firms x.

The basket of imported Foreign goods has a structure similar to that of Home goods, i.e.,

bl
Op—1

Cra () = [(1in)9F JE df] , (18)

where fr > 1 is the elasticity of substitution among Foreign intermediate brands.

39S8ee Rotemberg (1982).
40For a detailed description of the main features of the model see also Pesenti (2008), which provides a description
of the GEM (the International Monetary Fund Global Economy Model).
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Firm z’s demand for the generic brand h is

1 Py W)\ " [Py, \ ?
hz) = — * : 1
(1) = o (8 1) i), (19)
where
1
" 1-6 1-m
Piy = { | Pacn Hdh} (20)
0
_1
P, = [WHP}{?’ +( —7H)PI1,;¢} e (21)

are the price deflators of Home goods consumption bundle and overall consumption bundle,
respectively. An equation similar to the price deflator of the H goods consumption bundle holds

for the price deflator of the imported (i.e., Foreign) goods.

A.1.2 Final investment good

The production of the investment good is similar to that of the consumption bundle. There are
symmetric Home firms under perfect competition indexed by i € (0,n]. Output of the generic
Home firm 7 is

[}
o—1 | o—1
+(1— ’YH,I)% Ipy (i) @ ; (22)

1 H—1

L) = g e (i) 2

where Iy and Ir are bundles of intermediate tradables produced in Home and F, respectively.
The parameter ¢ > 0 is the elasticity of substitution among tradable goods. The parameter vy, r
(0 < ym,r < 1) is the weight of the Home tradables.

The investment good Iy is a composite basket of a continuum of differentiated domestic

intermediate goods, each supplied by a different Home firm h. It is produced according to the

Tt (i) = Kl) /0an (i) i dh o (23)

following function:

n

The investment good Ip is a composite basket of a continuum of differentiated domestic
intermediate goods, each supplied by a different Foreign firm f. It is produced according to the
following function:

or
) 1 1 L ep—1 oF—1
)= (125) [ teetr 4] " (21)
n

1—n

Implied demand equations for generic brands and implied deflators are similar to correspond-

ing equations for private consumption goods.
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A.1.3 Public consumption good

The public consumption good CY; ,, produced by the generic firm g under perfect competition,

is fully biased towards the intermediate domestic brands, i.e.,

1 O rn oy —1 %
= |(2)" [t " )

Implied demand equations for generic brands and implied deflators are similar to the correspond-

ing equations for private consumption goods.41

The Home aggregate demand curve for the generic domestic intermediate good h is

1 Prs(W)\ " [ Pay\ ¢
Y. (h) = | — : :
H,t( ) (n) (’YH) ( PH,t P, nCy
1 Pri(B)\ ™ [P\ ?
— Pt b S 7 I
- (n) (1) < Pt Pry e
1 P W)\,
- ZHE ) 2
+(3) omn (Z) Ve, (20
Similarly, the Home aggregate demand curve for the generic imported intermediate good f is
1 Pra(f)\ " (Pre) ™’
Y, = 1-— : —= C
wa(h = (72 ) 0= (P ) e

() (B ()

A.2 Intermediate goods

We report the production function and the implied first-order conditions. Finally, we show the
labor bundle.

Production function The supply of each Home intermediate good h is denoted by Y (h):

Yy(h) = Ki(h)*Le(h)' =, (28)

Firm h uses labor L; (h) and capital Ky (h) supplied by domestic households. The parameter
0 < a < 1 is the share of capital in production. Firms producing intermediate goods take the

prices of labor and capital as given when minimizing their costs.

41Puyblic consumption is financed by lump-sum taxes paid on a period-by-period basis by domestic households
and it is always kept constant at its steady-state value.
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FOCs: demand for inputs Denoting W; the nominal wage index and R the nominal rental

rate of capital, cost minimization implies that

Lo(h) = (1 a) (Mgﬂh)) Yi(h), (20)
and
K -1
K. (h)=a <M§t(h)> Yi(h), (30)

where MC} (h) is the nominal marginal cost.

FOCs: supply of intermediate tradables We assume that there is market segmentation
because nominal prices are invoiced and sticky in the currency of the destination market (local
currency pricing). The (generic) Home firm producing the brand h chooses the optimal prices
P, (h) in the Home market and P;* (k) in the Foreign market to maximize the expected flow of

profits (in terms of domestic consumption units),

o0 Peh)y () 1 SePE ) ye (g
B3 Dir | Pt RN () (1)
T=t

“ M) (v () + Y7 ()

where the term FE; denotes the expectation operator conditional on the information set at time
t, D, is the appropriate discount rate, S is the nominal exchange rates of the Home currency

vis-a-vis the Foreign currency, respectively.

The maximization is subject to the demand of the destination market and (destination-

specific) quadratic price adjustment costs.

The country-specific adjustment costs paid by the generic firm h are

YH,T7 (32)

1—01H
target

2
Prr (h) /Paroa (h) 1) Py,
P,

D Ky
ACY , (h) = o>

g
TrH,‘rflﬂ—

2
'Vip* P;I,‘r (h') /P;In'fl (h’) 1 S:P;‘}ﬂ' *

a* % YH,T7 (33)
H 1—a* P
* T H T
H,7—1 target*
p *

in the Home and Foreign markets, respectively. The parameters xf;, %~ > 0 measure the

degree of nominal rigidity in the Home and in Foreign, respectively, whereas ay, aj; are the
corresponding indexation parameters. Moreover, Tiqrget a0d Tiqrges+ denote the (consumer-price)
inflation targets of Home and Foreign central banks, respectively (which are assumed to be equal
to the steady-state inflation rate, i.e., Tiarget = Trarget~ = 7. The terms Yy and Y}; represent
the sector-specific Home and Foreign output, respectively, while Py and Pj; the corresponding

price deflators.
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The first order condition with respect to the Home price set in the domestic market, P; (h),

is (expressed in real terms):

170(1-1
target

170&1{
target

(1= 0m.¢)pm,i(h) + 0 emep (h) = “Z (PH7t(h)/PH’tl(h) - 1) Pre/ Pri1(h)

oy aH
T 1T T 1T

CpMO)my p (Prpe(B)/Pra(h) |\ Press Presa (h)/ Py (h)?*Yir e
NG

O H lfaH

17QH
7T-H,tﬂ-targetY'H,t

aH
7-‘-H,tﬂ-target

where the terms multiplied by x%; are related to the presence of price adjustment costs.

In a symmetric equilibrium (i.e., Py (h) = Pu, V h), after rearranging terms, the equation

can be expressed as follows
Pt = Oms (P — MKPymen ) + Ap g, (35)

where pgr+ = Prr¢/P; (similar expressions hold for other relative prices) and A is defined as

THt THt
— P ’ 5 _
AHvt - pHatK:H Q l—apg < QU l—apg 1

TFH,tflﬂ—target ’/TH,tfl//Ttarget

2
» 1 M1 THp41 TH, 41 Yu 41
—pHtBE By a1 (36)
) H T Y ayg l—agy ag _l—indg Y.
t+1 t 7TH,tTriEarget H,tﬂ-target Ht

with the definitions 7y, = Py,/Pu—1, m = P,/P,—1. The term MK P, represents a sector-
specific mark-up shock, which follows an AR(1) process. Similar equations hold for the price of

good h in the F market and for the price of good f in the H market.

Labor bundle In the case of the generic firm h operating in the intermediate sector, the labor
input L (h) is a CES combination of differentiated labor inputs supplied by domestic households

and defined over a continuum of mass equal to the country size (j € [0,n]):

1 ﬁ n b1 %
Lo (h) = () [ / Lo (h ) %" dg] , (37)
0

n

where L (h, j) is the demand of the labor input of type j by the producer of good h and 6,, > 1

is the elasticity of substitution among labor inputs. Cost minimization implies

ned = (3) (52 L, (39)

n

where W (j) is the nominal wage of labor input j and the wage index W is

W, = Ki) /On W, ()% dj] 779“1 (39)
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Each household is the monopolistic supplier of a labor input j and sets the nominal wage subject

to a downward-sloping demand obtained by aggregating demand across domestic firms.

A.3 Households

In the Home country there is a continuum of households of mass j € [0,n]. Each household j
maximizes its expected lifetime utility subject to the budget constraint. The lifetime utility, in

consumption C' and labor L, is

B3 (108 (Culi) ~ 0Ciot) = L)), (40

T=t

where 0 < 8 < 1 is the discount factor, b. € (0,1) is the external habit parameter, ¢ > 0 is the
reciprocal of the Frisch elasticity of labor supply, and L; is the demand of the household-specific

o= (3) ()

where the parameter 6,, > 1 measures the elasticity of substitution among different labor brands

labor type by domestic firms,

supplied by different households. The budget constraint is

By (j) +Si1Bri(j) < (14 4-1)Zurpi—1Ba,i—1(j)

+(1+1d;_,) [1 - (1 ~® <StllDtB_F1t1 - bF))] SiBri-1(j) + Ry Ki-1(j) + Wi (§) L (j)

2

K Wi(3)/Wi—1(5 rof . . . .

o (WADIVl) 3} o, 4! () - PosCli) - Praki) - TG, (42)
7TW,tﬂ’tCLrget

where the parameter ky > 0 measures the degree of nominal wage rigidity, 0 < «a,, < 1 is the
corresponding indexation parameter, and L; is the total amount of labor in the Home economy.
B+ is the end-of-period ¢ position in a nominal bond denominated in the Home currency, Br+
is the end-of period position in a nominal bond denominated in F currency. The two bonds
respectively pay the domestic R; = (1 + 4;) and foreign R} = (1 + 4}) (gross nominal) policy
rates at the beginning of period ¢ 4+ 1. The interest rates are known at time ¢ (consistent with
the riskless bond assumption). The variable S; is the bilateral nominal exchange rate of the
domestic currency vis-a-vis the F currency, defined as number of Home currency units per unit
of F currency. The variable Zg rp is a risk premium shock to the bond denominated in domestic

currency held by Home households, which follows an AR(1) process.

The function ® is an adjustment cost that ensures stationarity of the Home net foreign asset
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position, which would otherwise introduce a unit root in the model, that is, ® is

o (StBF’t ) = ¢b,1exp [%2 (St}i” _ bF” - b1 b2 >0

exp |:¢b72 (St%t“ - bp)] +1

and represent the adjustment cost on aggregate foreign bond position Br, expressed in domestic
consumption units (it is divided by the domestic consumption deflator P;) as a deviation from
its steady-state value br. The adjustment cost is taken as given by each household. See Schmitt-
Grohe and Uribe (2003) and Benigno (2009).

The payment of this cost is rebated in a lump-sum fashion to foreign agents.

The sources of the household income are physical capital K;(j), which is rent to domestic
intermediate firms at the net rate RY, labor L;(j), which is supplied to domestic firms and earns
the nominal wage W;(j), and 1Y rof (7), which represents profits from ownership of domestic firms

(the profits are rebated in a lump-sum way to households).

The term T3(j) > 0 represents lump-sum taxes paid to the domestic government to finance
public consumption (the government budget constraint is assumed to be balanced in every pe-
riod).

The variable I;(j) is investment in physical capital. The latter is accumulated according to

the following law:

Ki(j) < (1= 6)Ke—1(j) +

(LGN
1‘?(51(]') 1) It(”]’ )

where 0 < § < 1 is the depreciation rate and investment is subject to a quadratic adjustment

cost, captured by the parameter 1 > 0.

A.3.1 First-order conditions

Household maximizes the intertemporal utility with respect to consumption Cy(j), Bm,:(j),
Br(j), Wi(j), subject to the budget constraint, the capital accumulation law, and the ad-

justment costs.

The corresponding FOCs in the generic period ¢ are:

e with respect to domestic consumption Cy(j)
)\t(j) = (Ct<j> - bcthl)_l ) (44)
e with respect to Home-currency-denominated bond By +(j)

Ae(§) = BEN11(7) Zrrpe (1 + ) w0, (45)
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e with respect to Foreign-currency-denominated bond Bp(j)

M) = BB+ i) 1= (1o 0 (S 2t ) ) S5 g

Py Tt+1
e with respect to the end-of-period capital K(j)
Qi(j) = BE: [Mesarfiy + Qe () (1 = 0)] (47)

where Q(j) is the Tobin’s Q (i.e., the multiplier of the capital accumulation law),

e with respect to investment I;(j)

() () 2

nan () 58]

Me(F)pre = Qi(J)

~—| .

where pr, = P14/ Py,

e with respect to nominal wage W;(j)

N~ Ow(14+¢)—1 N —w . . .
Wi Wi Wi Wi /W,
mﬁw%Lﬂ(l—aw)% = MKW < a(w)/ i LEU> —1> o/ tll(a)
Wt v Wt v W,t— lﬂ-tarqet 7T-Wt lﬂ-tarqet
i (MDD ) MW QWGP
7TW tTtarget 7-‘-Wtﬂ-targetl’t

A.4 Monetary policy

We assume the following specification for the benchmark (IT) monetary policy rule:

R 1 R _ Pr (1, T) - (1—/%)/)?4
= — maz =, ( - 1) (@) prop (yt) . (50)
R R R T Yt—1

The rule describes how the central bank conducts its monetary policy under a (flexible) IT

strategy. The variable R; is the gross policy rate and R its steady-state value. The parameters
0 <pr <1, pr > 0, py, measure the sensitivity of the policy rate to its lagged value, to the
gross inflation rate m; (in deviation from the central bank target T = m4rget), and to the gross
growth rate of output y;/y:—1, respectively. The lagged interest rate ensures that the policy rate
is adjusted smoothly and captures the idea that the central bank prefers to avoid large sudden
changes in its policy instrument. The maz operator takes into account the (endogenous) ELB

(R is the nominal monetary policy rate in gross terms, thus it is equal to 1 at the ELB).

In the main text we analyze the properties of the alternative monetary policy strategies.
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In our simulations we consider a symmetric equilibrium, i.e., in each country there is a rep-
resentative household, a representative firm in the final nontradable sector, and a representative
firm in the intermediate tradable sector. Each of them satisfies the corresponding first order
conditions, budget and technology constraints, while the central banks follow the corresponding
monetary policy rules, the government satisfies its budget constraint, and the market clearing

conditions hold.

B Spillovers to the RW

Fig. A1l reports the responses of RW monetary policy rate, inflation, and output to a risk
premium and a price markup shock in the EA (first and second row, respectively) under the

alternative EA monetary policy strategies.*?

In the case of the EA risk premium shock (first row), the RW central bank lowers the policy
rate to offset the negative effects associated with the drop in EA aggregate demand, which in
turn implies lower RW exports. After an initial drop, RW output persistently increases. The
degree of accommodation needed to stabilize inflation and output is smaller if make-up strategies
are implemented in the EA, because under these strategies the drop in EA aggregate demand is
smaller and thus RW inflation decreases to a lower extent, following the relative improvement in
RW exports. At the same time, under the EA make-up strategies, the smaller decrease in the
RW policy rate induces a lower improvement in RW output in the medium run. Overall, inflation
and output in the RW are stabilized more when the EA adopts make-up strategies relative to
IT.

In the case of the EA price markup shock (second row), EA aggregate demand improves and,
thus, EA imports of RW goods increase. RW production costs and, thus, RW CPI inflation
increase, inducing the RW central bank to raise the policy rate. RW output decreases, because
of the higher RW policy rate and because RW households save to finance the increase in EA
aggregate demand. Make-up strategies in the EA amplify the improvement in EA aggregate
demand and hence in RW exports, output, production costs and CPI inflation, especially as far
as PLT is concerned. The latter EA regime induces a larger increase in RW inflation and, thus,
RW policy rate. As a consequence, RW output decreases (slightly) more than under the EA IT
regime.

Overall, make-up strategies in the EA, by stabilizing domestic macroeconomic conditions in
response to a domestic disinflationary risk premium shock, stabilize foreign conditions as well
through the trade channel. Instead, by inducing a larger positive response of EA aggregate
demand to a domestic disinflationary markup shock, make-up strategies induce a larger positive
response in RW inflation and policy rate and, thus, through the interest rate channel, a (slightly)
larger drop in RW output. The size of the spillovers is not large, because the RW is a large and

42We assume that the IT monetary policy regime always holds in the RW.
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closed economy relative to the EA.

C Make-up strategies and hybrid inflation expectations

C.1 Positive EA risk premium shock

Fig. A2 reports the impulse responses of the policy rate, CPI inflation, nominal exchange rate,
output, and import and export deflator inflation rates to the positive risk premium shock in the
EA (Fig. A3 reports the impulse responses to the full set of macroeconomic variables under
hybrid expectations and the three monetary policy strategies at study). The top row shows the
dynamics under rational expectations (the same as in Fig. 1 in the main text), while the bottom
row reports the responses when model-consistent expectations on inflation are replaced by hybrid
expectations in both EA and RW.

In general, the responses are qualitatively similar to the case of model-consistent expectations,
especially under make-up strategies, while the main differences arise under IT. Households and
firms only partially anticipate the future inflation improvement, while they fully anticipate the
policy rate path. Under IT, the central bank does not make up for past inflation misses, while it
does under AIT and PLT. Thus, if the ELB holds, the ex-ante real interest rate is higher under
IT than under make-up strategies and under IT with model-consistent expectations. The fall in

inflation and output is therefore larger under IT when inflation expectations are hybrid.

The limited fall in the Home policy rate and the larger fall in inflation induce the nominal
exchange rate of the Home currency vis-a-vis the Foreign currency to further appreciate under IT
and hybrid expectations, favoring further disinflationary pressures on EA inflation through the
lower import price inflation rate and the additional reduction in EA exports. AIT and PLT do
not generate these additional disinflationary pressures because of the promise to keep the policy

rate low for longer, which favors the lower appreciation of the nominal exchange rate.

Summing up, make-up strategies, by favoring a lower appreciation of the nominal exchange
rate, continue to be more effective than IT at stabilizing inflation and output after a disinflation-
ary risk premium shock, also under the assumption of hybrid inflation expectations. Moreover,

the performance of IT deteriorates under hybrid inflation expectations.

C.2 Negative EA price markup shock

Fig. A4 reports the impulse responses of the policy rate, CPI inflation, nominal exchange rate,
and import and export deflator inflation to a disinflationary markup shock in the EA, both under
rational and hybrid inflation expectations in the upper and lower panel, respectively. Thus, those
in the top row are the same as in Fig. 2 in the main text (Fig. A5 reports the impulse responses
to the full set of macroeconomic variables under hybrid expectations and the three monetary

policy strategies at study).
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The responses to a price markup shock that lowers CPI inflation and increases output are

qualitatively similar across the two cases of model-consistent and hybrid inflation expectations.

Under IT, the negative inflation response is (in absolute value) larger under hybrid expecta-
tions than under model-consistent expectations, consistent with the smaller nominal exchange
rate depreciation. Under the make-up strategies, the central bank has to decrease the policy
rate relatively more if hybrid expectations hold, given that households do not foresee the future
rise in inflation and, thus, do not anticipate the lower future real interest rate. There is a (in
absolute value) larger negative response of inflation than in the case of model-consistent inflation

expectation. The lower policy rate induces a larger positive response of output.

Overall, also under hybrid inflation expectations, make-up strategies are more effective than
IT at stabilizing inflation in response to a supply shock. Their effectiveness in stabilizing inflation

and output appears to be somewhat smaller than in the case of model-consistent inflation.

C.3 Spillovers to the RW

Fig. A6 shows the spillovers to the RW of the EA risk premium and price markup shocks with
hybrid expectations under the three monetary policy strategies in the EA.

Results are similar to those obtained under model-consistent expectations (see Fig. Al).

Spillovers to the RW are smaller if make-up strategies are adopted in the EA and the latter
is hit by a risk premium shock. In particular, recessionary spillovers are larger in absolute value
under hybrid expectations and IT strategy in the EA than under model-consistent expectations,

consistent with the larger fall in EA economic activity, which drives RW exports further down.

In the case of a EA markup shock, make-up strategies entail larger spikes in RW inflation
while inducing a larger drop in RW output, consistent with the larger procyclical effects of the
strategies on EA aggregate demand and output. The larger increase in RW exports further
stimulates RW inflation, inducing RW central bank to raise the policy rate relatively more,

inducing an additional drop in domestic output.

C.4 Hybrid expectations with low import and export price stickiness

We next study the role of hybrid inflation expectations under the assumption of low import and

export price stickiness.

Fig. AT reports the impulse responses to the risk premium shock. Under IT, the policy rate
spends more time at the ELB than under high import and export price rigidities and hybrid

inflation expectations (see bottom row Fig. A2).

The nominal exchange rate appreciation is magnified under IT when the price stickiness is
low, while under AIT the EA currency appreciation is almost unaffected by the change in the

degree of nominal rigidities. Current import price inflation responds more to the exchange rate
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appreciation under hybrid expectations than under the model-consistent ones, because it only
partially incorporates the anticipation of future higher inflation under the assumption of partially
backward-looking inflation expectations. Overall, CPI inflation falls to a larger extent than in

the case of model-consistent expectations and low price stickiness.

Also under low import and export price stickiness the two make-up strategies have better
stabilization properties than IT. The reason is the promise to keep the policy rate lower for
longer to make up for past inflation misses, which stabilizes inflation and economic activity. The
very same promise induces a smaller appreciation of the nominal exchange rate than under IT,
favoring import price inflation and, thus, sustaining CPI inflation. This is true for PLT and, to

a lesser extent, for AIT.

Fig. A8 reports the impulse responses to the price markup shock. Also in this case, make-up
strategies stabilize inflation relatively more than IT compared to the benchmark case of high
import and export price stickiness and hybrid inflation expectations (see bottom row Fig. A4).
The nominal exchange rate further appreciates under I'T, adding disinflationary pressures through
the lower import price inflation. Under IT and hybrid expectations the nominal exchange rate
appreciates to a much larger extent because of (i) the larger drop in EA inflation and the implied
gain in international competitiveness of EA products and (ii) the relatively higher EA interest
rate level in the medium term. Make-up strategies, instead, favor the exchange rate depreciation

and, thus, inflation dynamics.

Summing up, make-up strategies’ effectiveness in stabilizing inflation and macroeconomic
conditions further improves relative to IT in the case of low import and export price stickiness

and hybrid inflation expectations.
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Figure Al: EA risk premium and price markup shocks - Spillovers to RW.
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Figure A2: Positive EA risk premium shock: Rational vs hybrid expectations.
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Figure A3: Hybrid expectations: positive EA risk premium shock.
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Figure A4: Negative EA price markup shock: Rational vs hybrid expectations.

25 Monetary policy rate ) Inflation 20Numinal exchange rate 15 Output Tflation imported goods 2Ig\flation exported goods
2
15 *%r 154
g
o 15 | % 1
=4 t» s
2 5
8 10 0.5 3
g 1 \
g of
(]
© 05 L
g 5 05
=l
T
[ -1
0J -15
-0.5 \
N 2
«
1 -8 -5 0 10 2.5
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
25 Monetary policy rate . Inflation 0Nominal exchange rate 15 Output Tflation imported goods L{]flation exported goods
d
A 3p
15 n
i I
2 2
5 10
@
S 1F
o |
x 5 DJ
)
5 QJ
S
>
- -1
5 Y
-12 -10 0 -14 -3

10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

‘—NoELBHTmEA == w= == E|B+ITinEA ®sesssssss ELB + AIT in EA 4‘*ELB+PLTinEA‘

Notes: quarters on the horizontal axis; on the vertical axis, %deviations from the steady-state; inflation rates: annualized pp deviations from the
steady-state; and interest rate: %annualized levels; nominal exchange rate: level, %deviations from the steady-state, += depreciation. Top row:
rational expectations. Bottom row: hybrid expectations.



Figure A5: Hybrid expectations: negative EA price markup shock.
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Figure A6: Hybrid expectations: EA risk premium and price markup shocks - Spillovers to RW.
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Figure A7: Hybrid expectations: positive EA risk premium shock - Low import and export price
stickiness.
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Figure A8: Hybrid expectations: negative EA price markup shock - Low import and export price
stickiness.
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Figure A9: Positive EA risk premium shock - low import and export price stickiness.
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Figure A10: Negative EA price markup shock - low import and export price stickiness.
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Figure A11: Low import and export price stickiness: EA risk premium and price markup shocks
- Spillovers to RW.
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Figure A12: Positive EA risk premium shock - low import and export price stickiness: baseline
vs higher intratemporal elasticity of substitution between traded goods.

Monetary policy rate Inflation
2 - - - - ’ - s : - .
«k
15 +\r s T 6=1.5
X = = = AT ¢=15
m % IT ¢=3
X —— AIT ¢=3
051
0 -6
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
Nominal exchange rate Inflation imported goods
0 T T T T T T T P : =" =========
1 7 ‘
-2 f
| [
-5
-0k
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
4 Inflation exported goods o Output
o
of oo SO SR SRR
5 10 15 20 25 30 35 40 30 35 40
o Consumption
-10
15 20 25 30 35 40 5 10 15 20 25 30 35 40

Exports Imports

T T T 1 T T

2 T T r

Notes: quarters on the horizontal axis; on the vertical axis, %deviations from the steady-state; inflation
rates: annualized pp deviations from the steady-state; and interest rate: %annualized levels; nominal
exchange rate: level, %deviations from the steady-state, += depreciation.

66



Figure A13: Negative EA price markup shock - low import and export price stickiness: baseline
vs higher intratemporal elasticity of substitution between traded goods.
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