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Abstract

How does the zero lower bound (ZLB) on the international interest rate affect
monetary policy in small open economies (SOE)? When the Fed’s rate was at
the ZLB (2008-2015), data for several SOE show a significantly lower correla-
tion between interest rates and inflation, which is at odds with the empirical
regularity. This is explained in a model where the distribution of shocks that
affect SOE changes when the international interest rate hits the ZLB. Two op-
posing channels affect the exchange rate. At the ZLB, the depreciating channel
is amplified, while the appreciating channel is attenuated. Then, the SOE cur-
rency depreciates more than in a scenario without ZLB. This passes through
to inflation, which affects SOE’s ability to stabilize the economy as it cannot
lower its interest rate as much. In an estimated model, this mechanism by
itself can explain 26 percent of the lower correlation observed in the data.
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1 Introduction

During the Great Recession and Covid Crisis, the Fed’s rate hit the zero lower bound
(ZLB), which had several and known implications for the U.S. economy (Eggertsson and
Woodford, 2003; Gust et al., 2017). In addition, because this interest rate can be interpreted
as the international interest rate, the ZLB may also affect other countries. Recent papers
have studied how the ZLB in one economy can influence another economy in reaching
it too (Caballero et al., 2020). Others have looked at how unconventional policies in the
U.S. during this period affect emerging and small open economies (SOE) (Alpanda and
Kabaca, 2020). However, little is known about how the ZLB restriction itself on the inter-
national interest rate may affect SOE.

This paper contributes to this question by studying monetary policy in SOE when the
international interest rate is at the ZLB. The first part documents a novel fact in a key
relationship for monetary policy. The correlation between domestic interest rates and
inflation falls significantly for several SOE during the Fed’s rate ZLB episode that took
place amid, and in the aftermath, of the Great Recession. Second, the paper presents a
simple model to rationalize this finding. At the international ZLB, there is additional
depreciation in SOE that generates an increase in inflation at a moment when domestic
interest rates are falling, which may break the usual positive correlation between these
two variables. Next, this mechanism is included in a larger quantitative model that can
explain part of the lower correlation observed in the data. Finally, this framework is used
to understand the impact that the ZLB restriction on the international interest rate can
have SOE.

Using sixteen small open economies with inflation-targeting central banks, I find that
the correlation between core CPI inflation and policy rates is significantly lower during
the international ZLB period when compared to normal times. On average, the corre-
lation coefficient goes from 0.75 to 0.31. This finding is explained through the lens of a
standard SOE model (Gali and Monacelli, 2005), where the large economy or Rest of the
World (ROW), is affected by discount rate shocks. In this setup, I study the whole distri-
bution of shocks that end up impacting the SOE, rather than an individual shock by its
own (e.g., foreign demand). In particular, how this distribution may vary with the mone-
tary policy characteristics in ROW. For instance, whether there is a zero bound restriction
or not.

In the model, when ROW - interpreted as the U.S. — enters a recession, two channels

affect a SOE. First, a large negative discount rate shock impacting U.S. households may



cause a recession. This triggers a policy response that lowers the international interest
rate. Ceteris paribus, this depreciates the U.S. dollar and appreciates the SOE currency.
Second, U.S. output drops, which lowers the foreign demand that the SOE faces. Ce-
teris paribus, this depreciates the SOE currency. Therefore, total depreciation depends on
which channel dominates. In this context, the model evaluates what is the differential ef-
fect on SOE from two scenarios. One where the international interest rate can move freely
(No ZLB*) and one with a zero bound restriction (ZLB"). In the ZLB* scenario, the first
effect is smaller and the second is larger compared to a No ZLB* scenario. This generates
added depreciation of the SOE currency that may pass through overall inflation. At the
same time, the SOE is trying to lower its interest rate due to the external crisis. However,
because of this higher than otherwise inflation, the SOE cannot lower its rate as much
or keep it low for long. This produces a weaker relationship between interest rate and
inflation, and affects the ability the SOE has to combat the recession.

To better illustrate the channels and how they change in both scenarios, the model
focuses on a simple case with complete markets and unitary intertemporal and intratem-
poral elasticities, which allow for clean analytical expressions. The first channel stays
constant in either scenario, while the second channel becomes relatively more relevant in
the ZLB" scenario. To understand this consider the following. Note that the risk-sharing
condition in this context states that the value of marginal utilities in both economies must
be equal to each other when measured in the same currency. And, that lowering the in-
ternational interest rate affects the extent to which the second channel is absent or not. If
there is no restriction, the shock is fully accommodated and there is no drop in the foreign
demand faced by the small economy:.

In the No ZLB" scenario, there is no change in U.S. output, therefore the discount
rate shock in the U.S. lowers the value of marginal utility of U.S. households. Due to
complete markets, the value of marginal utility of SOE households must be lowered too.
This can be happen in two ways. Either by increasing contemporaneous consumption or
by appreciating the currency of SOE. In equilibrium, both happen. The first is achieved
by lowering the interest rate in SOE, and the second implies that imported inflation falls.
Together they pin down a positive correlation between interest rates and CPI inflation.

In the ZLB" scenario, the international interest rate cannot fully accommodate the
shock and U.S. output now drops which lowers the foreign demand faced by the SOE.
The first channel is still present and in the same magnitude, so the only difference is

larger depreciation, which makes CPI inflation to increase with respect to the previous



scenario. Depending on the magnitude of the latter, this second channel may lower, can-
cel or outweigh the appreciation coming from the first channel. Because the interest rate
falls by the same amount as in the No ZLB" scenario, the relationship with inflation is
weaker, null or positive, respectively, in the ZLB" scenario. Thus, the simple model pro-
vides a rationale for why we observe a drop in the correlation between interest rate and
inflation during the international ZLB.

Then, I embed this mechanism in a quantitative SOE model that builds on Justiniano
and Preston (2010a,b), and adds local currency pricing for domestic firms when exporting
(Gopinath et al., 2010) and forward guidance in the international interest rate, i*. The pur-
pose of this is to have a model that can match better the data. The model has incomplete
markets, habit formation, and sticky wages and prices. In the SOE the law of one price
does not necessarily hold for both imports and exports. There are retail firms that import
at the competitive price, but have monopolistic power when setting their prices internally.
Domestic producing firms set their prices in ROW currency when exporting. In addition
to the discount rate shocks in ROW that explain the ZLB on the international interest rate,
the model considers discount rate shocks in SOE too. Also, productivity, cost-push, mon-
etary policy and risk-premium shocks are included. Finally, monetary policy in ROW
contemplates forward guidance as it can characterize better what happened to the Fed’s
rate amid and in the aftermath of the Great Recession. For this, the model follows Del
Negro et al. (2013) which proposes a Taylor rule that reacts to not only contemporaneous,
but also past inflation.

To solve the model I focus on Australia as the SOE and U.S. as ROW. Most of the
parameters come from Justiniano and Preston (2010a) and related literature, and some
others are calibrated such that they match their average data counterparts (e.g. discount
factor and average interest rate). To estimate the remaining parameters, I use the sim-
ulated method of moments. One key moment is the share of quarters i* is at the ZLB,
which relies heavily on the parametrization of the discount rate shocks to ROW house-
holds. Because of this non-linearity, the model cannot be solved using traditional pertur-
bation methods, so instead it follows the approach in Guerrieri and Iacoviello (2015) that
provides piecewise linear solutions.

To evaluate how the model performs, I quantify the ability the model has to explain the
lower correlation between interest rate and core inflation observed in the data. I simulate
the fully estimated model and compute the equivalent correlations to those of the data.

The model can explain at least 26 percent of the drop in the correlation that happens when



comparing periods where the international rate is not at the ZLB and periods where it is.

Finally, the quantitative model can be used to understand the implications on a SOE
that a restricted international interest rate can have. I do this by studying impulse re-
sponse functions from large discount rate shocks to U.S. households under two scenarios.
The baseline scenario (ZLB"), and an alternative one where the international interest rate
can be adjusted freely scenario (No ZLB*). For instance, under large shocks, it could
become negative. When comparing these scenarios, the main result is verified: there is
larger depreciation in SOE when the international interest rate is at the ZLB. This gets
passed to imported and overall inflation, which together with a higher international in-
terest rate, results in a higher domestic interest rate compared to a No ZLB" scenario. The
ability to lower the interest rate further allows for output in the SOE to fall by less when
facing the external recession.

This exercise illustrates how the monetary policy structure in the U.S. can affect small
economies by producing abnormal exchange rate movements due to the mismatch be-
tween the structural shock, the policy response and the effects on activity.

This paper contributes to several strands of the literature. First, those that study the
international spillover effects in SOE and emerging economies from monetary policy in
the U.S. or other large economies (e.g., Eurozone). Some papers have examined the im-
pacts of conventional monetary policy.! For example, they have used identified shocks to
Fed’s rate movements to study effects on the exchange rates. Others have estimated the
effects of unconventional monetary policy.? For instance, they have implemented event
study techniques to understand the effects on international bond yields from large-scale
asset purchases done by the Fed. I contribute to this by studying the effect of a particular
feature of Fed’s monetary policy, which is that its main instrument cannot fall below zero,
on monetary policy itself in SOE. My paper provides descriptive evidence on monetary
policy in SOE during this period, and lends a theoretical rationale of why we observe a
break in the relationship between two key variables that characterize monetary policy.

Second, the paper builds on the literature at the intersection of international economics
and the ZLB on interest rates, either understood as a consequence of secular stagnation
or as a transitory shock, which is produced, for example, because of a discount rate shock

as in this paper.> When the ZLB is the result of long-term trends, Eggertsson et al. (2016)

1See, for example, Kalemli-Ozcan (2019); Iacoviello and Navarro (2019); Albagli et al. (2019); Buch et al.
(2019); Vicondoa (2019); Lakdawala et al. (2020); Miranda-Agrippino and Rey (2020).

2See, for example, Neely (2015); Curcuru et al. (2018); Gajewski et al. (2019).
%In addition, important contributions have been made in this intersection. For instance when ZLB



and Caballero et al. (2020) propose different models to study two symmetric economies,
and what occurs when one enters secular stagnation. They predict that, under certain
conditions, the ZLB in one country generates the other economy to reach it too. With a
world economy structure like in this paper, Corsetti et al. (2019) challenge that prediction
by studying a SOE affected by secular stagnation in ROW, and show that the SOE can
isolate itself from it.

When the ZLB takes place as a transitory shock, Cook and Devereux (2013) study
how the zero restriction generates odd exchange rate variations. This is in a model with
symmetric economies and where the country of interest is the one initially affected by the
ZLB. In this context, this paper fills in the gap in the literature by studying a SOE when
the ZLB is foreign (as in Corsetti et al., 2019), but in the presence of a transitory shock (as
in Cook and Devereux, 2013).

Finally, it relates to research about the impact of the ZLB on the economy, and the as-
sociated literature studying the effects of negative interest rates. Gust et al. (2017) study
how the ZLB affected the U.S. during the Great Recession and restricted its ability to over-
come the recession. They do this by using an alternative model where the Fed rate can be
negative. Ulate (2021) and Lopez et al. (2020) examine the effects of negative interest rate
and their impact to commercial banks. Sims and Wu (2021) study negative policy rates as
a tool of unconventional monetary policy. I further this understanding by studying how
the ZLB in one country spills over to other economies. For this, the paper compares the
baseline scenario against an economy where the international interest rate can be nega-
tive.

The rest of the paper is organized as follows. Section 2 describes the data and presents
descriptive evidence on what happens to monetary policy in several SOE during the in-
ternational ZLB. Section 3 presents a simple model that delivers the main mechanism,
which is then included in a quantitative model described in Section 4. Section 5 presents
the parametrization of the model, together with the estimation of certain parameters and
the solution method. Section 6 evaluates the performance of the model and carries out

impulse response exercises. Finally, Section 7 concludes.

occurs within currency unions. See, for example, Gomes et al. (2015); Farhi and Werning (2016); Hettig and
Miiller (2018); Cook and Devereux (2019).



2 Inflation and interest rates in small open economies

This section studies whether the relationship between interest rates and inflation, in small
open economies, changes during the period when the Fed’s rate was at its zero lower

bound during and in the aftermath of the Great Recession.

2.1 Data

The main sources of data are the BIS statistics for country’s policy rates, and OECD statis-
tics for core CPl inflation indexes. The baseline uses CPI of all non-food non-energy items.
Iinclude all small open economies in the BIS dataset with at least 20 years of data between
1990 and 2019. SOE are defined as countries integrated with world markets, and whose
policies do not affect world prices.* In particular, they take the international interest rate
as given and cannot affect it. This leaves 16 countries at quarterly frequency, which are
listed in Appendix Table A.3. All these countries have inflation-targeting central banks
(Hammond, 2012).> More details are provided in Appendix A.

To provide context, Figure 1 shows the Fed’s rate together with the policy rate of five
SOE. The Fed’s rate drops during the Dot-Com bubble and Great Recession (gray areas),
which is accompanied by drops in the other policy rates too. This paper investigates the
potential different mechanism taking place during — and after — the last recession when
the Fed’s rate hit — and stayed — at the ZLB, and how that may have affected SOE. If the
Fed’s rate is considered to be at the ZLB when it is below 0.25%, then the international
ZLB period takes place between 2008Q4 and 2015Q4.

4See the definition in Deardoff’s glossary of international economics.

SSwitzerland is not included in that study, but it has an inflation-targeting central bank (See
https:/ /www.snb.ch/en/iabout/snb/id/snb_tasks).
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https://www.snb.ch/en/iabout/snb/id/snb_tasks

Figure 1: Interest rate in U.S. and selected economies, 2000-2019
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2.2 Inflation and interest rates during the international ZLB

One of the many empirical regularities in macroeconomies is the positive correlation be-
tween interest rates and different measures of inflation. When these are equilibrium rates
in the financial markets, for instance in the Treasury bond market, this relationship is
sometimes referred to as the Fisher relationship (Fisher, 1930). Despite many ways that
monetary policy can be understood (e.g., using Taylor rules), studying their correlation
is a simple model-free approach that can inform whether the relationship between key
variables for monetary policy changes during the international ZLB.

Figure 2 plots the correlation between the average policy rate and year-ended core CPI
inflation in a given quarter. This is done for two distinct periods. The correlation during
periods when the international interest rate is not bound by zero is displayed in the y-
axis. And the correlation during the international ZLB in the x-axis. For all countries, we
observe a drop during the international ZLB as they all are above the 45° line. For some
economies, this drop is small (see Sweden), but for most of them is a sizable drop (see
Australia, Canada or Israel). The solid diamond shows that, on average, the correlation
coefficient goes from 0.75 during normal times to 0.31during the international ZLB.

Table 1 accompanies the correlation coefficients with their standard deviation. This

verifies that correlation coefficients during the international ZLB are statistically different



to those during normal times (significance level of 5%), with the exception of Sweden.
This finding is robust to using quarter-to-quarter inflation, using different measures for
core CPI inflation and using headline instead of core CPI inflation. Appendix A performs

these robustness checks.

Figure 2: Correlation of interest rate and year-ended core CPI inflation

o @ Average
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Notes: This figure plots correlations between core CPI inflation and interest rates
for two periods at quarterly frequency between 1990Q1-2019Q4. ZLB*: 2008Q4-
2015Q4. The solid diamond marks the simple average correlation among all
countries. The diagonal curve is a 45-degree line.

Discussion. The correlation coefficient can hardly tell something about causality be-
tween inflation and policy rates. A positive relationship can be viewed as a reaction of
the policy rate to current inflation or expected inflation. Given the inflation targeting
scheme, higher (lower) inflation requires a rise (drop) in the interest rate to keep inflation
under control. And because it acts with a lag, we can still observe a positive relationship
within a quarter. Alternatively, this positive correlation is also consistent with the Neo-

Fisherian view that reverses this causality. Because agents in the economy care about real



interest rates, the theory goes, a higher (lower) nominal interest rate will only have an
effect through a higher (lower) inflation. Nominal interest rate equals inflation plus real
interest rate, which in the long-run is unaffected by nominal variables.

Thus, the drop in this correlation can be viewed as one of these hypothesis becom-
ing less strong during the international ZLB period. For instance, policy rates may also
respond to output gap, to output growth, and — especially in open economies — to the
exchange rate. If the international ZLB changes the distribution of shocks affecting SOE,
such that the relative proportion of variables the policy rate responds to is different com-
pared to normal times, then we can expect the relationship of interest rates to each of
those variables to also change. Alternatively, nominal interest rates have an impact not
only through demand in the short-run, but also through the supply side of the economy
(Baqaee et al., 2021), which can end up affecting real variables in the long-run, and thus
the one-to-one relationship between nominal variables. If the international ZLB exacer-
bates nominal rigidities, then we can expect the relationship between interest rates and
other nominal variables to change too. The following section shows why small economies
observe a weaker relationship between these two variables during the international ZLB

period.



Table 1: Correlation of interest rate and year-ended core inflation

No ZLB* ZLB* No ZLB* ZLB*

AU - Australia 0.67 0.34 IL - Israel 0.80 0.29
(0.06) (0.16) (0.05)  (0.16)

CA - Canada 0.53 -0.22 KR - South Korea 0.43 0.07
(0.07)  (0.21) (0.11)  (0.19)

CH - Switzerland 0.88 0.56 MX - Mexico 0.92 0.70
(0.04) (0.13) (0.04) (0.11)

CL - Chile 0.69 044  NO-Norway 0.57 -0.18
(0.08) (0.14) (0.07)  (0.21)

CO - Colombia 0.98 0.72 NZ - New Zealand 0.64 0.14
(0.02)  (0.10) (0.06)  (0.18)

CZ - Czechia 0.80 0.35 PL - Poland 0.94 0.82
(0.06) (0.15) (0.03)  (0.08)

GB - Great Britain 0.72 0.02 SE - Sweden 0.72 0.65
(0.06) (0.19) (0.06)  (0.11)

HU - Hungary 0.90 0.28 TR - Turkey 0.89 0.03
(0.03) (0.16) (0.05) (0.19)

Notes: This table reports sample correlations between core CPI inflation mea-
sures and interest rates for two periods at quarterly frequency. The ZLB" period

is given by 2008Q4 to 2015Q4. The standard error is given by +/(1 —72)/(n — 2),

where 7 is the correlation coefficient and n the sample size.

3 Simple model

This section presents a simple model which is used to illustrate the main mechanism, and
make sense of the data presented above. It is a simplified version of what is outlined in
Section 4, and follows closely Gali and Monacelli (2005). However, instead of focusing
on the effect of a given shock, the analysis looks at the entire distribution of shocks that,
stemming from ROW, affect a SOE. And in particular, how that distribution may change
with monetary policy features of ROW.

First, the world economy is presented with separate ROW and SOE blocks. Both con-
tain households, firms and a central bank/government. Second, the log linearized equi-

librium is derived. Finally, the international ZLB is analyzed by studying what happens
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after a one-time large negative discount rate shock hits ROW households.

3.1 World Economy

Time is indexed by t. The world economy is made of a large economy (or ROW) of size
1 and a SOE of size 0, indexed by R and S respectively. Given their relative sizes, ROW
is in practice a closed economy. There is a unit mass of firms in each economy that can
set their prices a la Calvo in their own currency, i.e., producer currency pricing. There
are complete financial markets. International trade is frictionless and the law of one price
(LOP) holds for individual goods. Because households have home bias, LOP fails to hold

for consumption price indexes. ROW values are denoted with *.

ROW. There is a unit mass of households in ROW with the following utility function:

>{-1+(p
t

1+¢

U =E Z ,Bt exp(v;)

t=0

log C; —

where ¢ is the inverse of the Frisch elasticity and v} is a discount rate or preference
shock that changes the relative weight given to marginal utility in period ¢ with re-
spect to t + 1. This is the key shock that drives the mechanism and provokes a reces-
sion by making households extremely patient.® N is the labor supplied by the house-
hold. Cj is the consumption index that aggregates varieties produced by ROW firms:

1 e-1
Ci=Cg, = ( /0 C};/t(]’)ee;ldj) , where € > 1 is the elasticity of substitution among dif-

1 =
ferentiated goods, and Py , = ( / Py t(j)l_edj ) the price. Note that because of ROW’s
, ) R

relative size, this is in practice a closed economy, which means P; = Py ,.
ROW households have access to a complete set of fully contingent claims. B; is the
nominal payoff in period ¢ + 1 of the portfolio of such claims held by ROW households at

the end of period t. Q7 ,_, is the stochastic discount factor for a nominal payoffs in t + 1

*
tE+1

®This shock to characterize recessions that may lead interest rates to hit the zero lower bound have been
used widely in the literature. See for example Gust et al. (2017); Christiano et al. (2015); Nakata (2016).
Alternatively, a shock that drives agents away from risky assets into safe assets (a la Krishnamurthy and
Vissing-Jorgensen (2012)) can also generate similar results in terms of bringing down output and prices
simultaneously. In order to keep tractability and analytical expressions, this paper opts for a one-asset
model in ROW. Further research is needed to understand what additional implications would this have on
SOE.
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from the perspective in t. Then, budget constraint is:
PiC; + EiQ; 1By = WiN; + B + T +T}.

where T/ are taxes/transfers and I'; are firms profits. Households maximize their utility

subject to the budget constraints:

* * _1 *
* *Q _ Wi’ * % Ct+1 Pt _
CiN/" = o and SE;exp(Avi ,)(1+i}) c > =1, (1)
t t t+1

where 1 + i} = (EtQ:/Hl)‘l.

There is a continuum [0, 1] of firms, where firm j produces with production function,
Y7 (j) = N;(j). Firms enjoy monopolistic power, so there is a wage subsidy such that they
charge marginal costs in steady state. If 7 = 1, then P} = (1 - 7)-5W; = W;. This is
financed with lump-sum tax to households T}".

In each period, a share 6 of firms cannot adjust their price, so for them P;(j) = P;_,(j).

The remaining (1 — 0) share set 13:( j) to solve the following problem:

maxi 6 E; {Q:,Hk [ﬁ;(f)ytlku -1 =) (Yt*+k|t)]} : (2)

P 1=

where Q’;/Hk = ﬁk(C;k/C;)_l(P;/P;k), W* is the cost function, Yt*+k|t = (ﬁ;(j)/Pt*Jrk)‘eY;k,
and 7" is the labor subsidy. Because of the relative size of ROW, Y} = Cj.

Finally, the central bank at ROW has a stabilization objective of strict inflation target,
IT: = 1 (Eggertsson and Woodford, 2003). The only tool available to attain such target
is the nominal interest rate i;. In this context, the simple model assesses two different

scenarios:

(@) NoZLB*:i; € R
(b) ZLB*: i} > 0.

(3)

SOE. In describing the SOE block, I omit the details that mirror those of the ROW, and

just point out relevant differences.
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There is a unit mass of households in SOE with the following utility function:

00 1+({)
U:EOZ,Bt logCt—li
t=0

C; is a consumption basket made of SOE and ROW goods: C; = C;_t“ Cg, wherel—a
is the home bias.” In turn, C st and Cg are indexes for the differentiated goods coming

from SOE itself and ROW, respectively,

1 = 1 =1
cs,tz( / cs,t<j)71dj) , cR,fz( / cR,f(jFldj) -
0 0

The prices corresplonding to C;, Cryt, and Cg are I?t =a %1 - a)_(l_“)P;“Pf{,t, Ps; =

T-¢

1 1 =
/ Pslt(]')l_ed]') and Pr; = (/ PR,t(j)l_edj) , respectively. Budget constraints
0 0
taced by SOE households are:

PiCt + EsQt 441Bt41 = WiNy + By + T; + Ty

SOE households maximize their utility subject to the budget constraints:

=1,
Ct Pi1

-1
CiNy? = ;V—; and  BE/(1+iy) (Ct”) b
where 1 +i; = (E;Qy ¢41) 7L

There is a continuum [0, 1] of firms, where firm j produces with production function,
Y:(j) = N¢(j). Firms enjoy monopolistic power, so there is a wage subsidy such that they
charge optimal marginal costs in steady state: 7 = ﬁ (Corsetti and Pesenti, 2001). This
is financed with a lump-sum tax to households T;.

For a given differentiated product, the LOP holds, then

Psi(j) = &P (j) and  Pr(j) = EPy ,(f).

The nominal exchange rate is denoted by &; and is defined as the price of one unit of

ROW’s currency in terms of SOE’s currency (e.g. Chilean pesos per U.S. dollar). Then, an

’This aggregation is assuming that the elasticity of substitution between domestic and foreign goods is
equal to one.

13



increase in &; is a depreciation of SOE’s currency. Given the preferences and the parity
holding for individual goods prices, Ps; = StP;,t and Pr; = StP;;/t. However, due to
home bias P; # &;P;.

Using households’ preferences, the total demand for SOE goods is given by,

P\l
Y, = (Pitf) [(1-a)Ct +aQ:C}] . (4)
&Py : :
where Q; = 5 i the real exchange rate (e.g. Chilean consumption baskets per U.S.

t
basket). An increase (decrease) in Q; is a real depreciation (appreciation) in the small
economy.

In each period, a share 0 of firms cannot adjust their price, so for them Pgs;(j) =

Ps t_1(j). The remaining (1 — 0) share set Ps ;(j) to solve the following problem:

lrsna(x) Z 6rE, {Qt+k|t [ISS,t(j)lft+k|t -(1-7¥ (Yt+k|f)]} ’ )
$tU) k=0

where Yy = (ﬁs,t(]')/PS,Hk)_eYt%-
Due to complete markets, the value of marginal utilities of households in SOE and

ROW equal each other when priced in the same currency:
Qi Ct = exp(v))C; L. (6)

This expression is key to understand the mechanism described below.® Under constant
prices (i.e., Q; constant), when ROW households become patient (i.e., v; < 0), even if
ROW consumption does not fall, consumption in SOE increases. A drop in the value of
marginal utility in ROW households requires an equally sized drop in SOE. Otherwise,
given complete markets, gains from trade arise. Then, either a drop in marginal utility
itself (through consumption), a drop in its price (through real appreciation) or both must
occur. Due to home bias, this is effectively a rise in demand for SOE goods, which then
rises domestic consumption.

Finally, the central bank at SOE maximizes households” utility subject to equilibrium

conditions (4) (5) and (6). More details on its derivation are provided in Appendix B.

81t is however not necessary for the results, but it helps to obtain clean analytical solutions. The quanti-
tative model of Section 4 dispenses with the complete markets assumption.
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3.2 Log-linearized system

Next, the paper proceeds to present log-linear approximations to ROW and SOE blocks.
Further equations, details and derivations appear in Appendix B. Lowercases denote per-
cent deviations with respect to steady state (x; = log X; — log X), with the exception of
interest rates, i; and i, that already correspond to percentages.

In ROW, the market clearing condition plus equations (1) and (2) are written as:

* %% %
T =K Y+ BEim

¢y = Eiciyq — (l: =Bty — rf*) ’ )
Yi=c
where r/"" = p—E;Avy |, " = %(1 +@),and p = 1/ —1. The next Lemma summa-

rizes how the central bank in ROW implements its objective and determines equilibrium,
depending on the size of the shock and the restriction (or lack of thereof) on its nominal

interest rate.

Lemma 1 (ROW Implementation). Under a central bank in ROW with inflation target of zero

percent, T = 0, and equilibrium conditions in system (7):

1. If the nominal interest rate can take any value, iy € R. Then, the target is implemented with

i = r"", and output is stabilized, y; = 0 for all t.

2.(a) If the nominal interest rate is bound by zero, iy > 0, and p > E;Avy . Then, the target is

implemented with i} = r}"", and output is stabilized, y; = 0 for all t.

2.(b) If the nominal interest rate is bound by zero, iy > 0, and p < E;Av} ,. Then, the target

cannot be implemented, so i} = 0, and y; < 0.

Next, in SOE, equations (4), (5) and (6) are written as:

a
TSt = K (Ct + @y + 1 Qt) + BEtTts 141,

-«
ct=Yi+qr—vj, (8)
ve =1 —a)cs +ay; +daq,

(1-6)(1-p6) 9

where @ = a(2 — a)/(1 — a) and k¥ = lirep) The following Lemma summarizes

SOE equilibrium conditions already consider y; = c;.
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how the central bank at SOE implements its objective taking into consideration SOE’s

and ROW'’s equilibrium conditions.

Lemma 2 (SOE Implementation). Under a central bank in SOE that maximizes (a second-
order approximation to) households’ utility subject to the system in (8), the desired equilibrium is

attained with the following optimal rule:
1
ms + ZAyr = 0. )

Proof. See Appendix B.

Note that given standard values for the elasticity of substitution across differentiated
goods (e.g., € = 8), the optimal rule implies strong domestic price stabilization. It stays
close to fully stable at the expense of movements in output

Finally, because the focus is on CPI inflation and interest rate, these can be written as:

o

Tty = Tig+ +

T~ 91, 10)

it = p+EiAcii + Eympyg.

The first expression comes from the Euler equation and the second from the definition of
P t and Qt'

Definition 1 (World equilibrium). The world economy is in equilibrium if, for a given series of

discount rate shocks {v:}zo, the following holds:

(i) ROW wvariables {y;, 7} } and iy satisfy the system in (7) and one of the scenarios in Lemma
1. And,

(ii) SOE variables {c;, yi, q¢, Tts +, Tt } and iy satisfy the system in (8) and (10), and rule (9).

3.3 International ZLB

First, the model proceeds to derive the equilibria in ROW under each scenario. Then,
it analyzes how each scenario affects the SOE differently. For that it begins by deriving
supply and demand functions for SOE output.

To study the effect of the zero bound in the international interest rate, consider the
following sequence of discount rate shocks {VS' 0,0,...}. This series is known in ROW

and SOE at the beginning of t = 0. In order to make the comparison among scenarios
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relevant, from Lemma 1 the shock must satisfy: p > —v;. This ensures rj" < 0. Given the
monetary policies in both economies, it can be shown that this one-time shock in t = 0
only generates deviations from steady state in that period. Therefore, Egx;+1 = Eox},; =0

and Eoit1 = Eoi},; = p for all t > 0, where x; is any variable in ROW or SOE.10
In scenario (a), iy, can take any value (No ZLB"), so the shock is fully absorbed such that
no recession takes place, and the policy objective is attained. The equilibrium at ROW in

this context is denoted with N and given by:
o=0 ,  Yno=0 , iyo=15 =ptv, (11)

In scenario (b), ij has a zero lower bound (ZLB’), so the response is halted for large
enough shocks. The equilibrium at ROW in this context is denoted with Z and given by:
T,0=K'rg  , Ygzo=Ty ., iyy=0. (12)

To understand the differential effect on SOE, the following demand and supply curves

for the output produced in SOE are derived from the system in (8):

—qo=(1-a)(yg—yo— (1 —a)y) (DD)
—q0=(1-a)(¢’yo + y5 — vp) (SS)

They are conveniently written to be drawn in the axis (1o, —4o), so that schedules (DD)
and (SS) have standard negative and positive slopes, respectively. Note that the domestic
price of SOE output is negatively correlated to a real exchange rate appreciation. A rise in
ps,o rises the overall price in the economy, po, which by the definition of the real exchange,
lowers go. Gray curves in Figure 3 show both curves when v = y; = 0.

Note that in the No ZLB" scenario, only the structural shock affects the SOE. In the
ZLB* scenario, it is also present, but there is an additional shock coming from a drop in
Yo- Now, the model proceeds to assess how these two scenarios affect the SOE differently.

Figure 3 displays what happens in the No ZLB" scenario. Only the discount rate shock
affects the SOE. From (6) the structural shock, under constant prices, generates upward
pressure on domestic consumption. On one hand, this increases marginal costs by rising

workers” opportunity cost, which pushes curve (SS) in. It shifts curve SS to SSy. For a

19The dynamic system in the ROW block is not determinate, however, the proposed solution is indeed a
possible equilibrium. In order to show that this also holds for a determinate model, Appendix B computes
the same equilibria in a model with money-in-the utility and exogenous money supply.
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given level of o, SOE’s production falls. For a given level of 19, SOE’s competitiveness
falls. On the other hand, it increases demand which pushes (DD) out. It shifts curve DD
to DDy. The overall drop in output occurs as the increase in marginal costs is larger
than the increase in demand, which by (10) means a drop in interest rate. CPI inflation
depends on output and real exchange rate, but is determined by the latter.!! Thus, the
appreciation means a drop in inflation. This pins down a positive relationship between

interest rate and inflation.

Figure 3: Negative ROW discount rate shock under No ZLB* scenario

—4q0 , SSN

DDy SS

DD
—qN,0

X

YN0 Yo

Intuitively, the structural shock generates a rise in the relative demand for SOE goods.
This increases its relative price, so the real exchange rate appreciates. Because of this,
imports into the SOE are cheaper which lowers overall inflation. In addition, the increase
in consumption can only be achieved if nominal interest rates fall.!> Given that this occurs
despite the response of ROW’s central bank, it is a direct channel that affects the SOE.

Figure 4 displays what happens in the ZLB* scenario. The effect of v} is still present,
but now there is another channel given by the drop in y;. From (4) it generates downward
pressure on consumption. On one hand, this decreases marginal costs which pushes (55)

out compared to the previous scenario. It pushes curve SSy to §Sz. On the other hand,

1Tt can be shown that due to (9), variations in domestic inflation are very small, and given € > 1, the
sign of CPl inflation is always determined by that of the real exchange rate.

12 Alternatively, one could think in nominal terms. By the UIP, the drop in i} goes partly to a drop in
ip and partly to an expected depreciation, which requires current appreciation. So the drop in domestic
interest rates is accompanied by a drop in inflation.
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it decreases demand which pushes (DD) in compared to the previous scenario. It pushes
curve DDy to DDyz. Given the simplified model, the drop in output in this scenario is
the same as before, so is the drop in the domestic interest rate.!> The difference comes
from what happens to the real exchange rate which appreciates less than before, g7 > gn.
This occurs because of the lower depreciation produced by y; < 0, which turns into an

increase in CPI inflation.

Figure 4: Negative ROW discount rate shock under ZLB" scenario
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This new channel goes in the opposite direction, with respect to what happens from vy.
Plus, there is no change in the interest rate. Then, in this scenario the positive relationship
between inflation and interest rate in the SOE weakens. And it can potentially be zero or
negative if, for example, y; drops too severely. Figure B.1 and B.2 in the Appendix show

the cases for zero and negative relationships, respectively.

Discussion. The comparison between both scenarios informs about how domestic vari-
ables behave depending on the restriction that the international interest rate may have
or not. International recessions characterized by no restriction, either because it does not
exist or because the recession is of smaller magnitude, delivers a positive relationship be-
tween interest rate and inflation. If those variables are positively correlated due to other

domestic shocks, then no difference should arise in the data and the empirical regularity

13Specifically, a simplified model means complete markets, unitary elasticity of intertemporal substitu-
tion, unitary elasticity of substitution between domestic and foreign goods, and optimal mark-up in SOE.
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holds. Conversely, an international recession characterized by the zero bound restriction
delivers a weaker, null or negative relationship compared to the previous scenario. If the
structural shock driving the recession is large enough, then a noticeable difference in the
data may arise. This overall result is not dependent on the simplification of the model.
Appendix B shows that the findings hold using a Taylor rule instead.

Section 2 presented descriptive evidence that can be explained by a mechanism pre-
sented here. Next, I include that mechanism into a quantitative model to quantify the

ability it has in explaining the drop in the correlation.

4 Quantitative model

In this section, I incorporate the previous mechanism into a DSGE model that builds on
Justiniano and Preston (2010a). The main departures from that model are the following.
First, ROW’s Taylor rule allows for forward guidance in the interest rate. This does not
come as an insight from the simple model, but rather as a way to better fit the data as the
original model does not contemplate the ZLB on i*. Second, SOE firms invoice their ex-
ports in the currency of the ROW, which makes the LOP to not hold for goods produced
domestically. In addition, the model no longer assumes a unitary elasticity of intertem-
poral substitution or unitary elasticity between domestic and foreign goods.

As in the simple model, the main source of the recession is due to a structural shock to
the discount rate of ROW households (v; and v;). However, because the model attempts
to match other moments in the data, it also includes risk-premium shocks (Erp,t) produc-
tivity shocks (&, ,+), cost-push shocks to domestic and importing firms (Ecps,t and Ecpr,t)
and monetary policy shocks (&; ). The model is presented from SOE’s perspective, but

differences with the ROW’s counterpart are pointed out.

4.1 Households

There is a unit mass of households with the following utility function:

Uo = Eo Z B' exp(vt) [u(Ct, Ci-1) — 0(Ny)]
=0
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(Ct — hCy_1)'0

where v; is the discount rate shock to SOE households. u(C;, C;—1) = . and
1+ ¢
v(Ny) = 7 :_ o where I € (0, 1) is an external habit coefficient. C; is a consumption index,
== b
Ci=|1-a)C", + aﬁCR”tl ,

where 1) is the elasticity of substitution between SOE and ROW goods, and (1 — «) is the

1
home bias. C; in Section 3 assumed n = 1. The corresponding price is P; = [(1 - a)P;_t” + aPllz_tq] o

Also, Cs ¢ and Cg ; are consumption indexes defined, together with corresponding prices,
as in Section 3.
Households have access to bonds in SOE currency, Dy, and in ROW currency, B;. Then,

the budget constraint is
PiCt + Dy + &iBt = (1 +14-1)Dy1 + &;Br1(1 +i{_1)P:(At) + T's s + Tr s + WiN,

where the function ¢(-) is interpretable as a debt elastic interest rate premium given by:

Et-1Bi1

b1 = exp[—xA; + gp/t], with A; = Py

where y is the elasticity and &, ; is a risk-premium shock. All households are assumed
to start with the same initial wealth of 0,i.e. A_; = B_1 = 0. The international interest rate
is given by i} and set by the central bank in ROW as it is explained below. I's ; and T'g s
are profits from domestic and importing firms respectively.

The demand functions for each category are:

Ps (i)™ Pr(i)\
Cori) = ( S't(”) Csr and Crei) = ( R't(l)) Cr
PS,t PR,t
Optimal allocation of expenditure across domestic and foreign goods implies demand
functions:
Ps:\ ™" Pri\™"
CSt:(l—a) ﬁ Ct and CRt:a ﬁ Ct
' Py ' Py

ROW households face a similar problem to the one outlined above, but with a few

differences. Asin Section 3, C; aggregates differentiated goods instead of other composite
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goods. Because SOE is of negligible size, ROW own’s debt is in zero net supply, so is SOE
own’s debt too. However, SOE can still access bonds denominates in ROW currency.

As in Justiniano and Preston (2010a), this model allows the intertemporal elasticity of
substitution and habit formation coefficient to be different for ROW households, ¢* # ¢
and h* # h.

4.2 Optimal labor supply

Each domestic firm produces good j with technology Y:(j) = exp(&,,)N¢(j). The labor

input used in production of j is an aggregation of different types of labor indexed by k:

‘W

, ! w1 JewT
Ni(j) = l/ Ny (k) <w dkl , (13)
0
where €y is the elasticity of substitution. Then, firm j’s demand for each type of labor k
is given by:
(W)™
Nf(k)=Nt(])( ;\5 )) ,
t

1

where W; = [ /01 Wi (k)l-ewd k] " Households supply labor under monopolistic compe-
tition. A fraction (1 — Oy ) of households set wages optimally, while a fraction Oy adjusts

according to the following rule:
P\
Wilk) = Wia(6) (52

t-2

where yw € (0,1) is a degree of indexation to the previous period CPI inflation. House-

holds solve the following problem when setting their wage W;(k):

Pr_4
Piq

th(k)

maxE; » (Owp)™ By

yYw
NT“(k)( ) vri 1 — 01,1 (Nr(k) |,

here Nrji(k) = Ny (%8) ™" 1 = 2u(cp,C = o(Ny) and o171 = 2(N
where Nty (k) T | W, ,ur,r = 56-(Cr, Cra1), vr = v(Nr) and o117 = 55 (N7).

ROW households solve a similar problem with parameters y;,, and 6;,, instead.
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4.3 Domestic producers

There is a continuum [0, 1] of monopolistically competitive domestic firms producing
differentiated goods. They sell in the SOE where they set prices in their own currency
(Ps,t), and sell in ROW where they set prices in the ROW currency (P5 ;). Namely, local or
destination currency pricing for exports.

Each period a fraction 0s of firms cannot adjust both prices optimally, and only adjust

them according to the following rules:

Pst o P

. [Pg4_ Vs . . P* B Vs
Ps(j) = Ps +-1(j) ( S/t 1) and P;,t(]) = P;,t—l(]) ( St 1) ’
S,t-2

where ys € (0,1) and yg € (0,1) are the degree of indexation to relevant inflation in the
previous period. The other fraction (1 — Os) of firms set prices optimally. They choose
Ps 4( j) for domestic sales and 15; ;(7) for foreign sales to maximize the present discounted

value of their nominal profits:

[} * y;
_ ~  (Pst_1\" . ~ | Psra )
~max  E; )y 017'Qur PS,t(])( . )ys,T|t(])+8TP* D= ve7,0)
B (1), () TZ:; ° Ps 41 S\ Py ) 7T

4

Ys,114() + Y 1))
—Wrf1 !
Tf ( Ea,t

~ o\ —€ _ ~ e\ "€/ e —€y5
" ~_ [Psi()) (Psr1\" o [Ps D) (Psra) L
where ys 1):(j) = P Bs ] Cs,r and y5 1,(j) = pr Py Csr
, = P ,t—l

-0
P
are the demands faced in T when setting pricesin ¢, and Q; r = ﬁT_t://—T %) (P_t) is the
t t T

stochastic discount factor. In addition, these firms are subject to cost-push shocks, &cps ;-
Local currency pricing breaks the LOP of the S goods exported to ROW. It means that

Ps 1(j) # &P ,(j)- To keep track of this we define the deviations in the LOP for S goods,

Et P
W, = P >! which is always equal to one in the simple model. It is important to note
St
P
that terms of trade in this context are defined as S; = %
Eos t

ROW firms solve a similar problem with parameters'y* and 07, but only selling in
their own market from their perspective. And because it acts like as a closed economy,
Py, = P;. In addition, ROW demand for SOE good - though negligible from ROW’s
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perspective —is given by

pr A
St
()
s pt

where A" is ROW'’s elasticity between ROW and SOE goods. These firms are also subject
to cost-push shocks, &* et

4.4 Retail firms

Retail or importing firms are only present in the SOE. There is a continuum [0,1] of im-
porting firms that buy ROW goods and sell them in SOE. The law of one price holds at the
docks, however, in firms setting the price in terms of SOE currency they are monopolis-

tically competitive. This pricing power leads to a violation of LOP, so Pg(j) # Py (j)&t.

Pr
To keep track of this we define the deviation in the LOP for R goods, W} = g, P*' which is

always equal to one in the simple model.
A fraction (1 — Or) of firms set prices optimally, while a fraction Or adjusts according

to the following rule:

VR
Prs(j) = Prs- 1<]>( - 1) ,

R,t-2

where yr € (0,1) is a degree of indexation to imported inflation in the previous period.
The firm’s price setting problem in f is to maximize their expected present discounted

value of profits:

P VR . .
max EtZ OF ' Qt 1 lPRt(])( RT- 1) ETP},T(])l yr,11t(7),
PRt(]) T=t 1

~ —€
P ] Pr 1_
where yg 71:(j) = R't(])) ( R

—evR
Cr,¢. In addition, these firms are subject to cost-
Pr Pri-1

push shocks, Ecprt-
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4.5 International risk sharing and prices

Optimality conditions of SOE households lead to the following equations to determine

domestic and foreign bond allocations:

exp(vi)(Cy = hCpq1) ™7 — 1 = B(1 +i)E; [GXP(Vt+1)(Ct+1 —hCy)™ L ]

Piq
8t+1]

exp(v¢)(Cy — hCy_1)™° & = p(1 +i;)E; |eXP(Vt+1)(Ct+1 —hCy) 7P

Similarly for ROW households:

* * * % —o* 1 % % % * v\ — 1
exp(vi)(C; —h*C;_;)™° = B(1 +i})E; [exp(le)(CHl - h*'Cy) o > ] .
t t+1

Combining optimality conditions for ROW bonds, we arrive to the following incomplete

risk-sharing condition,

D Et®t+18t+1/Pt+1®t+1
(Dx- Qt -
t

7

t+1/Pt+1

where @; = exp(v)(Cy — hCi—1)7°. This expression reflects a similar idea to that in (6).
Under constant prices, a discount rate shock to ROW households that lowers the relative
value of current marginal utility (and that is uncorrelated to SOE households, i.e. v = 0)
lowers the relative current marginal utility of SOE households too. This provokes a rise in
the relative demand for SOE, which may require a contemporaneous increase in C;. Note
that it occurs even if consumption at the ROW does not change.

This expression can also be written as the uncovered interest parity condition (UIP):

e
(1+i)=(1+i t)Et (rl

qbf

4.6 Monetary policy

ROW. The central bank follows a Taylor rule that has a zero lower bound and that can

also capture forward guidance in its interest rate. For this, the model uses Del Negro et
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al. (2013) and defines Z: as the shadow rate:

a+iy=(1+7,)" ( P )“( v; )‘/’? o
+1) = ( + i*_ ) E— "
t - Pt—4 Yt—4

%

iy = max {0, ;;} ,

exp(&;),

(14)

where £’ |, is a monetary policy shock. This rule captures forward guidance as a shock that
happened in the past, say t — 3, and that generated low prices and low output, is pushing

interest rates down in t, even if the shock is no longer present.

SOE. The central bank in SOE sets the nominal interest rate i; according to:

l,l’Ay IPAe 1_ll)i
-y, -
£t (Yt—l) (gt—l) ) exp(éllt)’

where ¢; ; is a monetary policy shock. This is a rule that responds to CPI inflation, output,

(1 +ip) = (1 + 1)

output growth and nominal depreciation. This is a good approximation to what monetary

policy can be characterized in countries like Australia.

4.7 World equilibrium

Goods markets in SOE and in ROW clear:
Yi=Csi+Cq;, , Ysur=Csp , Yre=Crt , Y/ =C.
Asset market for bonds denominated in SOE currency clear:
Dy =0.

Households in SOE are homogenous and they all start with the same wealth. And, given
SOE’s size, they do not trade with ROW.

Definition 2 (World equilibrium). An equilibrium is a set of
(1) PT’iC@S.’ {PS,t/P* PR,t,Pt,Et,Qt,Wt,P:,W;}

S,t’

(11) QuantitieS: {Yi/ YS,i(j)/ Yg,t (])/ YR,t(j)/ Ct/ CS,t/ CR,tl Ny, N;i/ By, Dy, Y;/ Yt*(])/ C:/ C;/tl N;/ Ntd*/ B:}
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(iii) Price decisions: {Iss,t, ﬁ;lt, ISR,t, W;, 15:, Wt*, }
(iv) Interest rates: {i;, i’[,f:}
such that,
1. Given prices, {Ct, Cst, Cr,¢, Nt, By, Dt} solve SOE households problem.
2. Given prices, {C;, N}, B} solve ROW households problem.

3. Given prices and demand for labor, {W;} and {Wt"} solve SOE and ROW household wage-

setting problems, respectively.

4. Given prices, {Ys +,Ys +(j), Ys,, Y3 t(j), Yrt, Yr,t(f), Yz, Ntd} solve problem of domestic firms
and of importing firms in SOE.

5. Given prices, {Y;, Y/ (j), Ntd*} solve problem of firms in ROW.

6. Given prices and demand for goods, {Ps , ﬁ;/t} and {Pg ;} solve domestic and importing
firms price-setting problems in SOE, respectively.

7. Given prices and demand for goods, {15;} solves firms price-setting problem in ROW.

8. Nominal interest rates in SOE {i;} and in ROW {i}, f:} satisfy their corresponding Taylor

rules.

9. Labor, goods and asset markets clear.

5 Solution method and parametrization

The purpose of this section is to provide a solution method that takes into considera-
tion the non-linearity in the model, and to provide a parametrization for the quantitative

model.

Solution method. Given the occasionally binding constraint on 7}, the model is no longer
linear. Thus traditional perturbation methods that rely on the model being always linear
cannot be implemented. Therefore, I use the package (OccBin) and approach provided
by Guerrieri and Iacoviello (2015) that uses a piecewise linear perturbation method that

can accommodate non-linearities in the model. In particular, for each variable it delivers
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a perturbation based solution for when i; binds and when it does not. This is also the
solution method used for the estimation results described below.

Now that the model has been presented and that a solution method has been provided,
the model proceeds to focus on one small open economy and the U.S. as the ROW for the
parametrization. The SOE is Australia as it has had the same monetary policy framework

since 1990, and was not affected as much by similar structural shock as the U.S. was.#

Parametrization. Following Justiniano and Preston (2010b), I assume all shocks x are

AR(1) with persistence parameter p, and standard deviation o,:

log &yt = pxlogéy -1 + oxut, (15)

where u; ~ (0,1) and ii.d. The exceptions are each country’s own cost-push shocks
(Ecps,ts Ezp’t) and monetary policy shocks (&; ¢, éj’t), which are assumed tobei.i.d. (py = 0).

The parameters of the model are divided into two groups. The first group comes
from the related literature and the second one is estimated using the simulated method
of moments or calibrated using their data counterpart.

For the first group of parameters, and in order for the parametrization to not guide the
results, I set several parameters in SOE and ROW equal to each other. The intertemporal
elasticity of substitution, Frisch elasticity, and habit formation coefficient follow Gust et
al. (2017). Thismeans 0 = 0" =1, ¢ = ¢* =2 and h = h* = 0.70. In their same vein,
Isete = ey = € = e’fN

block in Justiniano and Preston (2010a), which estimates a related model with the U.S. as

= 6. The rest of common parameters come from the ROW

ROW. This includes the parameters governing firms’ cost-push and productivity shocks,
the indexation parameters, and the probability of resetting prices for firms and wages
for households. It is also assumed that domestic firms in SOE have the same indexation
coefficient when selling at home or abroad. The details are found in Table 2.

The rest of the parameters for the small economy are taken from Justiniano and Pre-
ston (2010b), which estimates the parameters for Australia as a SOE. This is done as the
SOE block of their model resembles most of the model presented above. It is worth noting
that here we also follow the assumption that the elasticity of substitution between domes-

tic and foreign goods is the same from both SOE’s and ROW'’s perspective (i.e.,, n = A%).

4Canada is another potential candidate, but it is more likely to have been affected by similar shocks
than the U.S. was, then not allowing a proper assessment of how the Great Recession in the U.S. affects a
SOE via the zero restriction the international interest rate has.
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Also, the parameters governing monetary policy and discount rate shocks are not equal
to those in ROW, because these are estimated to match the U.S. data as is explained below.

The home bias parameter and discount factors are calibrated such that they corre-
spond to their data average counterpart. I set a = 0.20 as this is the average import to
GDP ratio in Australia during this period.  and p* are set such that annual steady state
interest rates are 4% and 3%, respectively.

Finally, there are key parameters which are estimated to match relevant moments in
the U.S. data. In particular, moments that are not be relevant in Justiniano and Preston
(2010a) (e.g., share of quarters that i* binds at zero) or that may be affected by the use of a
different Taylor rule (e.g., correlation between i* and y*). Given the discussion of Section
3, the characteristics of the discount rate shock determine the extend of the ZLB in the
international interest rate, which in the quantitative model is informed by parameters p;,
and o0;. And due to the inclusion of a different Taylor rule for ROW, its parameters are

also estimated. These are ¢}, Y7, ¢} and o7.

Parameter estimation. To estimate the parameters, I use the simulated method of mo-
ments (SMM) as analytical expressions for the moments are not available given the non
linearity of the international interest rate. Given the structure of the model, where ROW
is in practice a closed economy, the set of parameters can be divided into the ones pertain-
ing to ROW and to SOE separately, ® = (@8, ®°). This lowers the computational burden
as only the ROW block is now solved for when estimating a subset of @K,

In particular, I estimate ® = (o7, Py Y, Yy, 07) C OR by solving the following

distance problem:

’

50§ 2e(.0) [ - § e (5.9) |
s=1

x¢ is the observed data and p(x;) is a function that computes the moments that appear in

(E) arg mm (16)

column “Data’ of Table 3. &; is a vector draw of random shocks for simulation s and 8 is
the total number of simulations, which considers all shocks affecting ROW. The length of
the shocks is the same as that of the data. x (Sf, (:)) is the simulated data, which is the
piecewise-linear solution obtained from the model under shocks &, parameters ® and
the OccBin approach. W is an estimate of the optimal weighting matrix (Ruge-Murcia,

2012). The data used in this estimation is described in Appendix D.
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Discussion of estimation results. Panel B of Table 2 displays the results of the estima-
tion procedure, and Table 3 shows the model-based moments obtained under the results.

The Taylor rule coefficients are in line with standard estimates for them, with the ex-
ception of the smoothing parameter (y;) which is slightly higher. Justiniano and Preston
(2010a) use data until 2007 and obtain {b\’: = 0.85. Given the mechanical persistence of i*
during the Great Recession, it is not surprising our estimate is higher. This is compounded
by the forward guidance structure in (14).

The estimated persistence of the discount rate shocks of ROW pairs to those found in
the literature. The standard deviation, though, is considerably lower (by around 5 times)
when compared to the one obtained in Justiniano and Preston (2010a). This difference is
expected as the mentioned paper does not take into consideration the existence of a lower
bound and uses data up to 2007. Compared to studies that match moments in the U.S.
and share of ZLB periods, our finding of o}, = 0.55 is near to that of Nakata (2016) that
tinds a range between 0 and 0.40. Furthermore, our higher estimate is consistent with our
estimated moment for the share of periods at the ZLB, which is of 16 percent compared
to 6 in Nakata (2016).

By looking at Table 3, we can verify that the estimated parameters discussed above
match the relevant moments reasonably well. One exception is the autocorrelation of

inflation which is considerably higher in the model.l®

However, it is worth noting the
close match to the mean share of quarters the international interest rate is at the ZLB. This
moment has very high variance which affects its ability to be matched, thus in general we

do not expect it to be as close.

I5A potential remedy for this is to include y* into the parameters to be estimated too.
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Table 2: Fixed and estimated parameter values

Panel A: Small open economy

Coeff. Description Value Source
B Discount factor 0.99 4% interest rate
a Openness 0.20  Average import/GDP
n Elasticity of SOE demand 0.58  Justiniano and Preston (2010b)
Vi Taylor rule, smoothing 0.84 v v
Yn  Taylor rule, inflation 1.83 v v
Y, Taylor rule, output 0.09 “r o
Yay  Taylor rule, output growth 0.74 v “r
Yae  Taylor rule, nominal depreciation 0.14 v v
prp  Risk-premium, persistence 0.94 v v
Orp Risk-premium, std. deviation 0.35 ‘o v
Pv Preferences, persistence 0.93 “or “or
oy Preferences, std. deviation 0.16 o “or
ocpr  Cost-push imports, std. deviation 1.58 “or “or
oF, Monetary policy, std. deviation 0.26 . v
Or  Calvo import prices 0.55 o o
yr  Index. import. prices 0.07 . “r
X Elasticity of risk premium to debt 0.01 “r o
pa  Technology, persistence 0.93  Justiniano and Preston (2010a)
o Technology, std. deviation 0.47 “r o
ocps  Cost-push domestic, std. deviation ~ 0.22 “wor “or
ys  Index. dom. prices in SOE 0.58 v v
Vs Index. dom. prices in ROW 0.58 v v
yw  Index. wages 0.29 . “r
O Calvo domestic prices 0.75 v “or
Ow  Calvo wages 0.75 . v
Panel B: Rest of the World
Coeff. Description Value Source
B* Discount factor 0.9925 3% interest rate
y;  Taylor rule, smoothing 094 SMM
o Taylor rule, inflation 1.38 SMM
Yy Taylor rule, output 099 SMM
p,  Preferences, persistence 0.88 SMM
o Preferences, std. deviation 0.55 SMM
o;  Monetary policy, std. deviation 0.00 SMM
p,  Technology, persistence 0.93  Justiniano and Preston (2010a)
o, Technology, std. deviation 0.47 v “r
Gzp Cost-push, std. deviation 0.22 o “or
0" Calvo prices 0.75 v o
0,y  Calvowages 0.75 v “r
y* Index. prices 0.58 v v
yw  Index. wages 0.29 . v
A*  Elasticity ROW demand 0.58 v v
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Table 3: Key moments: Data and Model

Standard deviation Autocorrelation Corr w/ output
Data Model [2, 98] Data Model [2, 98] Data Model [2, 98]
Output (y*) 122 156 1.05 229 089 0.87 0.80 092 - - - -

Inflation (%) 023 027 022 033 012 062 045074 045 052 0.250.73
Interest rate (i*) 032 0.29 0.19 0.39 0.79 092 0.88 095 059 051 0.26 0.71
ZLB" (mean) 18.24 15.66 0.00 41.51 - - - - - - - -

Notes: This table reports the moments used to solve (16), and the simulated moments under
OR. 1t employs quarterly U.S. data between 1980-2019. The total number of simulations is
8 = 1,000 where each one is of the same length as the data (T = 160) with a burning period
of 100 quarters. Column headings [2,98] denote the confidence intervals. The last row is
the share of periods that i* in the data (or simulated model) is at the ZLB.

6 Results

This section quantifies the model’s ability to explain the lower correlation between in-
terest rate and inflation in Australia during the international ZLB. It also illustrates the
implications of the quantitative model through impulse response functions after a large

discount rate shock.

6.1 Correlations in the quantitative model

In order to know how the model performs in explaining what happens in SOE during the
international ZLB, I simulate the model and compute the same correlations as in Table 1.
To do so, I consider all shocks affecting both the ROW and SOE under the parametriza-
tion and structure given in Section 5. For each simulated economy I separate the periods
between those when i* is at the ZLB and those when i* is not. Then, I calculate the con-
temporaneous correlation between interest rate and CPI inflation for the SOE, and with

imported inflation too. Table 4 presents the comparison between the data and model.

32



Table 4: Correlation of interest rate and inflation: Data and Model

Data Model
p(i,7) NoZLB* 0.6660 0.7288
ZLB" 0.3429 0.6454

% explained 25.82

Notes: Column 1 of this table reports sample correlations between core year-
ended CPI inflation and interest rates for Australia for two periods. The ZLB*
period in the data is given by 2008Q4 to 2015Q4. Column 2 reports the correla-
tion for the same elements in the quantitative. The ZLB* period in the model are
all the quarters when (14) binds. The number of simulation is 1,000.

The model matches the drop in the correlation between ZLB* and No ZLB*. In par-
ticular, it explains around 26% of the drop observed in the data. Given the mechanism
I exploit in this model and the extend of the international ZLB, it is reasonable to ex-
pect other shocks affecting Australia between 2008 and 2015 that may also play a role in
explaining a lower correlation. For instance the flattening of the Phillips Curve in Aus-
tralia (Ruberl et al., 2021). In addition, Appendix Table D.2 repeats this exercise for the
correlation with quarterly inflation.

It is worth mentioning that the parametrization does not intent to match any moments
for the SOE. Therefore, the share explained is likely a lower bound of how much this
mechanism can explain. If parameters in the SOE were to be estimated such that they
can match, on average, moments for Australia, then we would expect this percentage
explained to be higher. For instance, the correlation between Australia’s interest rate and
CPI inflation.

The parameter estimation together with the model’s ability to explain a significant
part of the drop in the correlation point to the validity of this framework to understand
what happens in a SOE when there is an external recession characterized by a binding

international interest rate.

6.2 Impulse response functions

To understand the implications the international ZLB have on a SOE, I study impulse
response functions stemming from discount rate shocks in two different scenarios. First,

the baseline scenario where monetary policy follows (14). Second, an alternative scenario

33



where i; can potentially become negative. It means setting i; = 1~: always in (14). This
resembles scenario (a) in the simple model of Section 3.

To illustrate the differences that arise between both scenarios, this exercise considers
an international interest rate that is bound at zero for 15 quarters. This is attained by a
one-time disturbance to the discount rate shock of around 30%.1°

Figure 5 shows impulse responses after a large enough discount rate disturbance un-
der both scenarios. Unsurprisingly, we can observe how the international interest rate
goes into negative territory in the No ZLB" scenario. When this occurs, foreign output
falls significantly less. With respect to the real exchange rate, we corroborate that the
prediction made in Section 3 holds for the quantitative model as well. There is larger de-
preciation in the No ZLB* scenario with respect to the ZLB" scenario, as the solid line is
above the dashed line.”

This exercise highlights how the zero bound restriction in the international interest
rate affects the ability the SOE has in combating the external recession. It generates less
appreciation by a contained drop in international interest rate and produces more depre-

ciation by a larger drop in foreign output.

16There is nothing special about 15 quarters. Similar insights are obtained from shorter or longer inter-
national ZLB periods.

7In addition, there is depreciation under ZLB* and appreciation under No ZLB*, which is not an implica-
tion of the mechanism necessarily. The result from the simple model is that there is more depreciation under
Z1LB*, so their relative orders and not their levels.
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Figure 5: Impulse responses to a foreign discount rate shock under ZLB* and No ZLB*
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7 Conclusions

This paper studies what happens to small open economies in a context where the interna-
tional interest rate is bound by zero. In particular, when this occurs as a result of a strong
recession in the large economy. To understand what happens and guide the analysis, I
study the only recent period when this has occurred. Namely, the period during and af-
ter the Great Recession where the Fed’s rate, and therefore the international interest rate,
was at the ZLB.

Using several SOE and different sources of data, I find that the usual positive rela-
tionship between interest rates and inflation weakens, breaks or flips during this period.
This is explained by a model where the small economy is affected by two forces that have
opposite effects on the exchange rate, which in turn can pass-through inflation. At the
international ZLB, the relative size of these forces changes in such a way that breaks the
usual positive relationship between inflation and interest rate.

This mechanism is embedded in a medium-size model for Australia and the US. Once
the model is estimated and parametrized, it is used to quantitatively measure that 26
percent of the drop in the correlation is explained by this mechanism. Further research
is needed to understand other aspects of SOE when the international interest rate is at
the ZLB, such as their fiscal response, potential exchange rate interventions, or capital

controls that may alleviate the added effect the international ZLB brings about.
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Online Appendix

A Additional results from Section 2

A.1 Data

For the baseline analysis, I use the following data sources:

Table A.1: Data (variables, description, source, period), several countries, 1990-2019

Variable Description Source Period
BIS_CBPOL Policy rate BIS 1990M1:2019M12
CPGRLE(O1  CPI All items non-food non-energy OECD  1990Q1:2019Q4
CPALTTO1  CPL All items OECD  1990Q1:2019Q4

Alternatively, I also use inflation data coming from each country’s central bank:

Table A.2: Core CPI inflation measures, several countries, 1990-2019

Variable/Table Country Source Period

Table G1 AU - Australia RBA 19900Q1:2019Q12
Table 18-10-0256-01 CA - Canada Statistics Canada  1990Q1:20190Q4
TM15 CH - Switzerland SNB 1990Q1:20190Q4
IPCSAE CL - Chile BCCh 1999Q1:201904
Table 2.3.2 CO - Colombia BanRep 1996Q1:20190Q4
IND9 CZ - Czechia CNB 1996Q01:2019Q4
Table 7.4.2 KR - South Korea BoK - ECOS 1990Q1:20190Q4
Table CP151 MX - Mexico Banxico 19900Q1:2019Q4
Table HM1 NZ - New Zealand RBNZ 1990Q1:20190Q4



https://www.bis.org/statistics/cbpol.htm
https://stats.oecd.org/
https://stats.oecd.org/
https://www.rba.gov.au/statistics/tables/
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810025601
https://data.snb.ch/en/topics/uvo#!/chart/plkoprinflach
https://si3.bcentral.cl/Siete/ES/Siete/Cuadro/CAP_PRECIOS/MN_CAP_PRECIOS/IPC_VAR_ANUAL_HIST/IPC_VAR_ANUAL_HIST?cbFechaInicio=1929&cbFechaTermino=2021&cbFrecuencia=MONTHLY&cbCalculo=NONE&cbFechaBase=
https://totoro.banrep.gov.co/analytics/saw.dll?Dashboard
https://www.cnb.cz/cnb/STAT.ARADY_PKG.VYSTUP?p_period=1&p_sort=2&p_des=50&p_sestuid=21727&p_uka=9%2C13&p_strid=ACBAA&p_od=200701&p_do=202107&p_lang=EN&p_format=0&p_decsep=.
http://ecos.bok.or.kr/flex/EasySearch_e.jsp
https://www.banxico.org.mx/SieInternet/consultarDirectorioInternetAction.do?sector=8&accion=consultarCuadro&idCuadro=CP151&locale=es
https://www.rbnz.govt.nz/statistics/m1

Table A.3: Small open economies

Country Time No obs. (max)
AU - Australia 1990Q1:2019Q12 120
CA - Canada 1990Q1:20190Q4 120
CH - Switzerland  1990Q1:20190Q4 120
CL - Chile 1999Q1:20190Q4 84
CO - Colombia 1996Q1:2019Q4 96
CZ - Czechia 1996Q1:20190Q4 96
GB - Great Britain ~ 19900Q1:20190Q4 120
HU - Hungary 19900Q1:20190Q4 120
IL - Israel 19900Q1:20190Q4 120
KR - South Korea 19900Q1:20190Q4 120
MX - Mexico 1990Q1:2019Q4 120
NO - Norway 19900Q1:2019Q4 120
NZ - New Zealand 1990Q1:2019Q4 120
PL - Poland 1996Q1:2019Q4 96
SE - Sweden 1990Q1:20190Q4 120
TR - Turkey 19950Q1:20190Q4 100




A.2 Additional figures and tables

Figure A.1: Correlation of interest rate and quarter-to-quarter core CPI inflation

ZLB*

Notes: This figure plots correlations between core CPI inflation and interest rates
for two periods at quarterly frequency between 1990Q1-2019Q4. ZLB*: 2008Q4—
2015Q4. The solid diamond marks the average correlation among all countries.



Table A.4: Correlation of interest rate and quarter-to-quarter core CPI inflation

No ZLB* ZLB* No ZLB* ZLB*

AU - Australia 0.37 -0.16 IL - Israel 0.54 0.18
(0.08) (0.21) (0.08) (0.17)

CA - Canada 0.34 0.22 KR - South Korea 0.39 0.04
(0.09) (0.17) (0.11) (0.19)

CH - Switzerland 0.57 0.30 MX - Mexico 0.90 0.52
(0.07) (0.16) (0.04) (0.13)

CL - Chile 0.52 034  NO-Norway 0.25 0.02
(0.10) (0.16) (0.09) (0.19)

CO - Colombia 0.83 0.35 NZ - New Zealand 0.34 0.31
(0.05) (0.16) (0.09) (0.16)

CZ - Czechia 0.51 -0.23  PL - Poland 0.90 0.45
(0.09) (0.21) (0.04) (0.14)

GB - Great Britain 0.41 -0.13 SE - Sweden 0.47 0.14
(0.08) (0.20) (0.08) (0.18)

HU - Hungary 0.74 0.37 TR - Turkey 0.61 -0.03
(0.05) (0.15) (0.10) (0.20)

Notes: This figure reports correlations between core CPI inflation and inter-
est rates for two periods at quarterly frequency during 1990Q1-2019Q4. ZLB":
2008Q4-2015Q4. The standard error is given by +/(1 — r2)/(n — 2), where r is the

correlation coefficient and n the sample size.



Figure A.2: Correlation of interest rate and year-ended core CPI inflation, Central bank data

ZLB*

Notes: This figure plots correlations between core CPI inflation and interest rates
for two periods at quarterly frequency between 1990Q1-2019Q4. ZLB*: 2008Q4-
2015Q4. The solid diamond marks the average correlation among all countries.



Figure A.3: Correlation of interest rate and quarter-to-quarter core CPI inflation, Central bank data

ZLB*

Notes: This figure plots correlations between core CPI inflation and interest rates
for two periods at quarterly frequency between 1990Q1-2019Q4. ZLB*: 2008Q4-
2015Q4. The solid diamond marks the average correlation among all countries.



Table A.5: Correlation of interest rate and core CPI inflation, Central bank data

Panel A: Year-ended inflation

Panel B: Quarter-to-quarter inflation

No ZLB* ZLB* No ZLB* ZLB*

AU - Australia 0.84 0.46 AU - Australia 0.67 0.08
(0.04) (0.14) (0.06) (0.18)

CA - Canada 0.61 -0.08 CA - Canada 0.38 -0.08
(0.07) (0.20) (0.08) (0.20)

CL - Chile 0.87 0.36 CL - Chile 0.61 0.38
(0.05) (0.15) (0.08) (0.15)

CO - Colombia 0.89 0.64 CO - Colombia 0.42 0.42
(0.04) (0.12) (0.11) (0.15)

KR - South Korea 0.43 0.07 KR - South Korea 0.39 0.04
(0.11) (0.19) (0.11) (0.19)

MX - Mexico 0.92 0.81 MX - Mexico 0.87 0.52
(0.04) (0.08) (0.05) (0.13)

NZ - New Zealand 0.55 0.40 NZ - New Zealand 0.48 -0.07
(0.08) (0.15) (0.11) (0.20)

Notes: This table reports correlations between core CPI inflation and interest rates
for two periods at quarterly frequency during 1990Q1-2019Q4. ZLB*: 2008Q4—
2015Q4. The standard error is given by +/(1 — r2)/(n — 2), where r is the correla-
tion coefficient and n the sample size.



Figure A.4: Correlation of interest rate and year-ended headline CPI inflation

ZLB*

Notes: This figure plots correlations between headline CPI inflation and inter-
est rates for two periodsat quarterly frequency during 1990Q1-2019Q4. ZLB*:
20080Q4-2015Q4. The solid diamond marks the average correlation among all
countries.



Figure A.5: Correlation of interest rate and quarter-to-quarter headline CPI inflation

ZLB*

Notes: This figure plots correlations between headline CPI inflation and inter-
est rates for two periodsat quarterly frequency during 1990Q1-2019Q4. ZLB*:
20080Q4-2015Q4. The solid diamond marks the average correlation among all
countries.



Table A.6: Correlation of interest rate and headline CPI inflation

No ZLB* ZLB* No ZLB* ZLB*

AU - Australia 0.65 0.62 IL - Israel 0.82 0.64
(0.06) (0.12) (0.05) (0.12)

CA - Canada 0.53 0.48 KR - South Korea 0.58 0.59
(0.07) (0.14) (0.09) (0.12)

CH - Switzerland 0.85 0.74 MX - Mexico 0.92 0.77
(0.04) (0.10) (0.04) (0.09)

CL - Chile 0.70 0.65  NO - Norway 0.32 0.26
(0.07) (0.11) (0.09) (0.17)

CO - Colombia 0.97 0.89 NZ - New Zealand 0.63 0.10
(0.02) (0.06) (0.06) (0.18)

CZ - Czech Republic 0.87 049  PL-Poland 0.94 091
(0.04) (0.14) (0.03) (0.06)

GB - Great Britain 0.77 0.29 SE - Sweden 0.62 0.72
(0.05) (0.16) (0.07) (0.10)

HU - Hungary 0.90 0.77 TR -Turkey 0.87 0.30
(0.03) (0.09) (0.06) (0.16)

Notes: The tables report correlations between core CPl inflation and interest rates
for two periods at quarterly frequency during 1990Q1-2019Q4. ZLB*: 2008Q4-
2015Q4. Core inflation comes from country’s central bank or statistical agency.
The standard error is given by +/(1 — r2)/(n — 2), where 7 is the correlation coef-
ficient and n the sample size.
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Table A.7: Correlation of interest rate and headline CPI inflation

No ZLB* ZLB* No ZLB* ZLB*

AU - Australia 0.32 -0.00  IL -Israel 0.55 0.20
(0.09) (0.19) (0.08) (0.17)

CA - Canada 0.25 -0.35 KR - South Korea 0.41 0.09
(0.09) (0.22) (0.11) (0.18)

CH - Switzerland 0.53 0.16 MX - Mexico 0.76 0.32
(0.07) (0.18) (0.07) (0.16)

CL - Chile 0.41 0.17  NO - Norway 0.13 -0.03
(0.10) (0.17) (0.10) (0.20)

CO - Colombia 0.71 0.21 NZ - New Zealand 0.33 -0.25
(0.07) (0.17) (0.09) (0.21)

CZ - Czech Republic 0.54 0.01 PL - Poland 0.83 0.46
(0.08) (0.19) (0.05) (0.14)

GB - Great Britain 0.47 -0.24 SE - Sweden 0.41 0.07
(0.08) (0.21) (0.08) (0.19)

HU - Hungary 0.67 0.47 TR -Turkey 0.57 0.05
(0.06) (0.14) (0.10) (0.19)

Notes: The tables report correlations between core CPl inflation and interest rates
for two periods at quarterly frequency during 1990Q1-2019Q4. ZLB*: 2008Q4-
2015Q4. Core inflation comes from country’s central bank or statistical agency.
The standard error is given by +/(1 — r2)/(n — 2), where 7 is the correlation coef-
ficient and n the sample size.
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Table A.8: Policy rate movements, selected countries

No ZLB* ZLB*
No. % No. %

AU - Australia

Drop 35 13.6 13 16.6

No change 202 78.6 58 744

Hike 20 78 7 9.0
CA - Canada

Drop 21 217 6 10.5

No change 56 57.7 48  84.2

Hike 20 20.6 3 5.3
CL - Chile

Drop 34 206 16 1838

No change 102 61.8 56 659

Hike 29 176 13 1529
KR - South Korea

Drop 15 103 10 118

No change 117  80.7 70 824

Hike 13 9.0 5 5.9
NZ - New Zealand

Drop 16 15.1 9 158

No change 68 64.2 42 737

Hike 22 20.1 6 105

Notes: This table reports the frequency, and corresponding shares, of policy rate
movements during monetary policy meetings. ZLB*: 2008QQ4-2015Q4.

B Additional results from Section 3

B.1 Model under Taylor rule

Here I present a modified version of the two-period SOE model in Section 3. Instead of optimal
monetary policy in SOE, here I assume that SOE central bank follows a Taylor rule:

it = p+ YTt + Py,
Then, the equations that define the equilibrium are given by:

yo = (1 —a)co + ayy + dqo,
o= Yo+ g0~ Vo,

o
ﬂs,o=K(C0+<Pyo+1_a0]0),
[

Ty = Tis,0 + 0
1—aq'

io = p+YyYo+ PrTo,
co = —(ip — Eomt1 — p).
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The corresponding demand and supply functions are now:

qo = (1= a)(yo — yo + (1 — a)vy) (DD)

d0.= ~ % [Byo+ (1 + k)55~ ;)] )

where A = (x + @)Y +1 > 1and B = ¢, + k@Y 2 0. Curve (DD’) is the same as curve (DD),
but now the supply curve (SS”) depends on how the Taylor rule responds to inflation and output.
Note that if we let i, = 0 and ¢, = ¢’, we are back at the baseline scenario.

These curves can be used to find the equilibrium as function of foreign shocks, y; and v;:

apn
Yo= A+B(A Yrvy+ A+ B0
3 kYpr+1+B(l-a) , x¢Yr+1+B ,
go=(01-a) v vi- =g %l (B.1)

Compared to the baseline, now the response on output from external shocks is ambiguous and
depends on the parameters. And, when going from a No ZLB" to a ZLB" scenario, output falls.

In contrast to what happens to output, real exchange rate reacts in the same way as it did in
the baseline when we compare a No ZLB* to a ZLB" scenario. From (B.1), we can observe that a
depreciation takes place for the whole parameter space. In fact,

kP +1+B .
a5 Wzo~Yno) >0
~—_———
<0

qz0 — (N, = —

In addition, we can compute domestic inflation, CPI inflation and interest rate:

ap(1+¢@) , alpA-B)—ap(1+ <P)

S ey A+B K

l,by+1 , K@A-B)+¢,+1-aB
o By0+“ A+B Yo
ig=p + [(wn + B)vy — gbﬂya]

As predicted in the baseline model, CPI inflation increases from a No ZLB" to a ZLB" scenario.
Now, interest rate increases even if the drop in output is stronger in the No ZLB* scenario. How-
ever, because CPl inflation is rising, while output is falling, the increase in interest rate is substan-
tially smaller when faced with negative foreign output shocks, y; < 0. We can compare:

dip | Wn  dmg__ Un+l

oy, "A+B dy, - “A+B
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B.2 Derivation of optimal target rule in SOE

The second-order approximation to the utility function of SOE households in the two-period
model corresponds to:

b 11+ 1 e .
o= o )= 2 - 32500 - 1St | v o1
t=0

The problem that the monetary authority at SOE solves is:

max Uy subject to system in (8)
Ct,Yt,qt,70S,t

The FOC are:

1- KAL,} + /\2,1‘ - (1 - O()A3,t =0

Al,tK + /\2,;} + &A3,t =0

1-«a
1 1+¢

T
€
——Tisp+ A1 — A1 =0
Kp

Yr — K(P/\l,t + Ag/t =0

Solving this system and imposing 1 = ﬁ, we arrive to (9) in the main text.

B.3 Model with money-in-the-utility

Consider the following utility function,

U(C;,M;/P;,N;) =logC; +1 (M:) N:H(P
, , =lo +1lo - —
pr A 1, NG &Lt g P; T+

where M} are money holdings. The budget constraint in this context is:

P;C; +Q;B; + Mj = W/N; + B; ; + M;_, =T +T7.

From the first-order conditions we can derive the following demand function:
MY
Py 1-0Q

Doing a first-order log approximation we can arrive to:

Z*_ * * * 1-*
=M =P =Y T Tl

p
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Then, by combining the Euler equation and Phillips curve in (8), together with the demand for
money and noting that, / [ = I} + 1y — Amj, we can derive the following system:

1+1/p 0 O\(y; Up 1/p 1\ (yia\ (e O\  r ..

—« 1 o|[=|=l0 B o|E[rx,|+[0 o (p i;ﬁ"m)
o -1 1\r, 0 0 1 I 0 -1 :

———— ———

Ap Aq B

—~

It can be shown that, for any relevant parametrization, Ay L A; has two eigenvalues inside the
unit circle and one outside. This means that there is a unique and stationary solution in the system.
Under initial conditions, [, = m_; = 0, the ZLB" equilibrium in (11) is achieved by setting:
m;\w = —(p +vy)/p- The No ZLB* equilibrium in (12) is achieved by setting: m},o = (k+1)(p +1p).

B.4 Derivation of (DD) and (SS)

To solve for all the endogenous variables (co, 9o, Yo, ts,0) we proceed as follows. First, we replace
the optimal rule into the NKPC:

1

oo s+ )

1
0—(K1_a)(J0+(K§0+E)]/0+KCO

Now we replace the risk-sharing condition into the expression above and solve for go:

1 . .
0:(Kl_a)%"'(K(P+E)]/0+K(y0+110—1/0)
0=1——4d0+¢"yo+ (¥~ )
qo=—(1-a) (¢"yo + v — v5) (SS)

1
where ¢’ = ¢ + = Now, the risk sharing condition into the demand function:
K

yo=(1-a)yy+qo0—vy +ayy+aqo
[(1-a)+d]lqo=yo—yy+(1-a)y,

go=01-a)(yo—yy+ (1 —a)y) (DD)
This leads to,
a _ 1+p'(1-a) , . _ 1 a
Yo =17 QO’VO and gqo=(1- a)T(P,VO -(1-a)yy and msp= =13 (P/VO (B.2)
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B.5 Additional figures

Figure B.1: Negative ROW discount rate shock under ZLB" scenario and y; << 0

—90 ) SSy

YNO=VYZ,0

Figure B.2: Negative ROW discount rate shock under ZLB" scenario and y; <<< 0

—90 ) SSy

C Additional results from Section 4
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C.1 Derivation of first-order approximations

C.1.1 Domestic firms selling in SOE
Taking the first-order condition with respect to Ps ; leads to

S | (Ps-1\"" e Wr 1
E, Y oI i . =0
t; s Qurys,T)e() (P t—l) 6—15aTP5t
PsE Z(ﬁ@ )t CyY L (Psra)” ys 11:(i) = ——E i(ﬁes)T-fvTc-ffWTy (i)
s,tEt S Pr Ps S,T|t pa T S,T|t
(1-¢) o ~yse
Ps T—t o Pst (Ps,r-1 vs T—t. -ovrs [Ps1-1
—E ’ Pst¢Cst = E 0 C-°MC . Pst€C
» tZ(ﬁQS) vrCr? Pr \Ps s sT°Cs = ——3 tZ(,B s) "vrCr"MCr Ps s1°Cs,1
-1 ys(1-¢€) —Vs€
Ps T—t —  (Ps1\“ [ Psr1 T—t (PST)(PST—l)
—E 0 — Q7P . . CsT = E 0 —MC ’ C
tZ(,B s) %QT ST\ By, P ST = tZ(,B s) 2 | ST
where MCt = —II/JV and Ps1 = PPS—TT
Doing a first-order approximation
£ 0\ _ T—t [— —
7= 59 ————(Ps, —ps;) = Et ;(595) ! (mCT —Psr+ (st —pst) = ys(psr-1— ps,t 1))
=E; Z(ﬁQS)T - (mCT -Ps T) E Z(ﬁﬁs) s re1 = YsTs,T)
T>t T>t
The price index for exported goods in ROW
[ 1-€
_ Ps1\”
1 1- ,
P57 = |(1 - 05)Ps ¢ + 05 (PSt 1 (Ps,t—z)
e
Py, 1-0s
Doing a first-order approximation
Pst—psi = 7 (Tts,e = VsTis,i-1)
Putting both first-order approximations together
. _ Os L
—Psy—qt+ 1 f 0 E¢(mts,t41 — Ysms,t) + Et (ﬁGS)T t(mCT
Bbs T>t+1

7]
> (15t — YsTs,1—1) = MCy
Os _
P E; Z (BOs) " (rts 141 — ysTis,T)

(1-B0s)(1 - 0s)
—ﬁs,T_qT)‘Fl_ﬁ :
T>t+1
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Doing it in t + 1, multiplied by 6 and then replaced back into the original equation leads to
Ts,t — YsTs, -1 = Ks(Mcr = Pg ;) + BEH(Tts 141 — YsTis 1)

And, by looking at the price index
1- 1-
a)Pg +aPp

P =(1-
1-n 1-7n
PSt PRt
1=(01- +al|—=
-ofF) el
= Pst =Pst—Pr = —m(ﬂlt +1})

C.1.2 Domestic firms selling in ROW
~§’t leads to:

Taking the first-order condition with respect to P

PSTl

|

s e Wr 1
T
E € - =— =0
fEEQ 'Qury (1) f(Stl) €e=1&r Py,
_— c‘IT Psr-1)’ T—t o
s +Et 2(595) e e\ o) Ve = g5k Z(ﬁQS) vrCr"MCry p,(7)
13 Ps T-1 vs1=€) " T— PS,T—l s * *
EtEZ@QSY’%TcrﬁgT : (P&hl Py °Cir = Et§:w65) fvrCy WMCT(P&Fl) P 1°Csr
,.* p e—lP yi(i-e) GP —ys€e
T—t =+ ST s,T-1 T- t_ 511 »
P tEtZ(‘BQS) %QTPS,T (_P; t ) (Ps - ) Csr= EtZ(ﬁQS) MC (P* )(Ps,t—l ) Csr
T=t ’ ’
P;

where MCr = —II/JV and Ps T= P
Doing a first-order approximation

T Psi —Ps) = Ei Z(ﬁes)T_t (m_CT =Psr =4t + P51 = Ps) = vs(Psr1 — P, 1))
Et Z(,BQS)T (s — V5TS 1)

- ﬁ O =
= E; Z(ﬂGS)T : (mCT ~Ps,r qT)
T>t T>t
The price index for exported goods in ROW
1-€

. Vs
P, 1)

@j%:u—%w”€+%P@4&r—
St-2
1
D* [ * 1 7(1€)E
Py, |1-6sITg ST,
P, 1-—95
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Doing a first-order approximation:

~% * _ GS * * %
Pst = Pst =3 5. (”s,t - Vs”s,t—l)
1- 05

Putting both first-order approximations together:

65 —_— — ﬁe T—t
(15 ygng,t—l) =met —Pgy—qt + T t("5t 1 Vs”s ;) +Ei (BOs)" " (mer
(1-B0s)(1 - 0s) 1-p0s v T>Zt+1
. BOs b . s
“PsT™ ar) + 1-pB0Os Et Z (ﬁGS)T t(nS,T+1 - Vsns,T)

T>t+1
Doing it in t + 1, multiplied by 0 and then replaced back into the original equation leads to:
T, = V§Ts o1 = Ks(MCr =P = 1) + BEH(TG 1 g = V5705 )
where

Ps;+ 4t =¥+ (st — pr)
a *
= - m(ﬂt + %)

C.1.3 Importing firms

Taking the first-order condition with respect to Pp ; leads to:

Etze ‘Qi,ryr 71 (D) ; -1 p
- Rt

( RT— 1)y € Epl*i,t(i)

1 (Prr-1\* . € - _ .. Py .
PrE; Z(ﬁQR)T fvrCr7— Py (PR t—l) yr1(i) = = 1Et Z(ﬁQR)T tVTCTGEtP—ZyR,T“(z)

PR _ Prr-1\"* . PR
—EtZ(ﬁQR)T ! —PR (PR,t—l) yr7e() = EtZ([D’@R)T fvrCr? \I/* ]/R 71¢(7)

/

=* P . .
where Pg 1 = ﬂ A first-order approximation:

= ﬁ@ (PRt—PRt)—EtZ(ﬁQR)Tt[(PRT—PRt) YR(PRT-1 = PRt-1) — Y]]

T>t
= Bt Y (B0 () + TE B Y (800 (i = v
T>t T>t

Following similar steps to the ones above lead to the NKPC for importing goods.
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C.1.4 Optimal labor supply

Taking the first-order condition with respect to W; leads to:

E; Z(Gwﬁ)T ‘Nrji (k) [ (%) Vil —

[Wt Wt

erlvl,T(Nw(k))] =0

E, waﬁf 'Nrjs(k)

yw ew _
S veT = p— 101,T(NT|t(k))] =

Doing a first-order approximation:

T—t
1
m( —wt) + Ey Z(Qwﬁ)T “lCr + ywmroa—1 + v + 1,0 — D11y — Z w t+k]
T=t k=1
where
W, W v
o1,7(N7p(K)) = Ny (k)% = [(W W;) NT]
= 0110 = — Owe [(@ — wy) + (wr —wr)] + @nr
T—t
= —Owe [(@W —wi) - Z W ek | + @Y1 — Ea,1)
k=1
Back into the first order approximation:
1+ Qw(p T-t
———— (W —wy) + E4 Z(Qwﬁ)T 1T + ywnr—1-1 + v + flur — nr — —(1 + Owe) Z iw sk | = 0
Owp =

Ow
(1-6wp)(1 - Ow)

1 Tt .
(tw ¢ — YwTte-1) + T3 QW(PEt TZ:;(QW,B) (Cr +ve + 1,7 — pnr—)

) T—t 00
—E; Z(Qwﬁ)T_t Z Tiw t+k + YWE: Z(QWﬁ)T_tnT—l,t—l =0
T=t =1 T=t

Then, in t + 1:

(o]

Ow 1 T-t-1 .
— —E _ _
A Bw B et =TT g ) O G kv i — )
o T_t-1 .
—Et+ Z (G Z Tow t+1+k + YwEr1 Z (Owp) " rrois = 0
T=t+1 k=1 T=t+1
Q%\Iﬁ (E Tt - Tt )-|— 1 — -  F Z (6 ﬁ)T t— 1(C +vi+ 10 —on )
- Owp) A —Oy) W T o tTM w TH Vet - QnT
Tt 'B T—t ywowp

‘EfZ(QW@ Z“W o g g + > Ot~ L2 =0

T=t
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Substracting the last terms of expressions in t and ¢ + 1:

Ow Owp
- 1) — OwB(E - - F
() [(tw e — ywTe-1) — OwPB(Eemtw 141 — YwTe)] T=0np FTUW £+1
1 . ywOwp
+—(C + v + - -)+ =0
1 +9W(P(Ct v+ il — pn-) 1 —Gwﬁnt
o
= 1wt = YoTi-1 = PIETW e = YWTt) + Kw | QY = o + Ve + g (et —he) - Ct]
— (1-0wp)(1-6w)

where xy = W
C.2 Log-linearized equilibrium
The ROW is characterized by the following set of equations:

1. Euler equation

¢y —h'ci_y = Ei(c], —h'c}) — 0" (1= )i} = Eycl, + E:AVE,)
2. Firms price setting
M=V Mg = BE( 0 — Y ) +K0(G — &) + S
where «* = —(1_9*)(91*% )
3. Household price setting
* * * * * * * * * K * T* G* * * % *
Ty = YwT1 = P Ef(nW,Hl —YwT) + Ky | QY -9+ m(ct —h'c;_) -G
« _ (1=090-p07) 1
where «},, = 5 Tre o

4. Real wages law of motion
G = Cioy + i, =
5. Monetary policy

i = Piip g+ (L= 90) | PRl + 7 + 70 o + 70 5) + Py (Y — Y ) | + &5y

b

i; = max{0, 7;}

The SOE is characterized by the following set of equations:

1. Euler equation:

¢t — hep—y = E(cpn — her) —07' (1 = h)(iy = E¢mtysn — EtAvign)
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10.

11.

. Market clearing:

v = (1 —a)es + ay; +na(qe + ¥;) — Aa(y; — s¢)
Households” wage setting

TIW,t — YWT-1 = ﬁEt(ﬂw,Hl — YWTt) + K QY — @&a + ﬁ(ct —hci-1) - Ct]

(1-0w)(1-0w) 1
where xkw = o B Trene

Domestic firms price setting at SOE

a *
st — YsTs,i-1 = PE¢(Tts 141 — YsTis ) + Ks (Ct —&ap + T a(l]t + %)) + Ecps t

where ks = —(1_65)9(:_595)

Domestic firms price setting at ROW
* * * * * * a *
Ty = VsTs -1 = BEH(Tg 1 — V5Tis ;) + Ks (Ct —Sat + 1-a a(qt +;) - ‘Pt) + Eeps

Retail firms price setting
TRt — VRTR,t-1 = PEH(TR 141 — YRTIR ¢) + KR(=}) + EcpRr t
where kg = —(1—9%;—59@
Terms of trade
St = PRt — € — Py
Domestic inflation
Tis,t = pPs,t — Ps,t-1

Imported inflation

TtR,t = PR,t — PR,t-1

CPI Inflation
Ty = Tts,p + sy — sp-1) + a(Pr —Pi-1)
Risk sharing
o o’ . . .
-7 (E¢tActs1 — hAcy) = -7 (EtAy;,q — hAY;) + E¢ [Agier — AV + Avipr — xar — Ep i
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12. Real exchange rate
qe = et + py — p
13. LOP gap for exports
Yr=er+ps, —Pst
14. LOP gap for imports
Vi = PRt~ et~ Py
15. Real wages law of motion
G =G+ Ttwe — T4
16. Budget constraint
c+ap=pra - %(Qt +Y) + Py
17. Taylor rule
it = Yit1(1 = Y)Wt + Pyyr + YayAyr + Yacler) + Eip
D Additional results from Section 5 and Section 6
D.1 Data
Here I provide details on the macroeconomic data for Australia and the US, including sources and
period.
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Table D.1: Data (variables, description, source, period), U.S. and Australia, 1990-2019

Variable Description Source Period
Australia
AUSGDPRQDSMEI Constant Price Gross Domestic Product FRED  1990Q1:2019Q4
NAEXKP02AUQ189S Constant Price Final Private Consumption FRED  1990Q1:2019Q4
POPTOTAUA647NWDB Population FRED  1990:2019
GCPIXVIQP Core CPI quarterly inflation (Table G.1) RBA 19900Q1:20190Q4
GCPIXVIYP Core CPI yearly inflation (Table G.1) RBA 19900Q1:2019Q4
A2298279F Imported consumption goods price ABS 19900Q1:20190Q4
index (Tables 4, 5 and 6)
BIS_CBPOL Policy rate BIS 1990M1:2019M12
DEXUSAL Nominal exchange rate US$/AU$ FRED  1990Q1:2019Q4
United States
A939RX0Q048SBEA Real gross domestic product per capita FRED  1990Q1:2019Q4
FEDFUNDS Effective Federal Funds Rate FRED  1990Q1:20190Q4
CPILFESL Core CPI FRED  1990Q1:2019Q4

D.2 Additional tables and figures

Table D.2: Correlation of interest rate and inflation: Data and Model

Data  Model
p(i,m) NoZLB* 0.3735 0.5473
ZLB* -0.1583 0.4647

% explained 15.52

Notes: Column 1 of this table reports sample correlations between core quarterly

CPI inflation and interest rates for Australia for two periods. The ZLB* period
in the data is given by 2008Q4 to 2015Q4. Column 2 reports the correlation for
the same elements in the quantitative. The ZLB* period in the model are all the

quarters when (14) binds. The number of simulation is 1,000.
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https://fred.stlouisfed.org/series/AUSGDPRQDSMEI
https://fred.stlouisfed.org/series/NAEXKP02AUQ189S
https://fred.stlouisfed.org/series/POPTOTAUA647NWDB
https://www.rba.gov.au/statistics/tables/#inflation-expectations
https://www.rba.gov.au/statistics/tables/#inflation-expectations
https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/international-trade-price-indexes-australia/jun-2021
https://www.bis.org/statistics/cbpol.htm
https://fred.stlouisfed.org/series/DEXUSAL
https://fred.stlouisfed.org/series/A939RX0Q048SBEA
https://fred.stlouisfed.org/series/FEDFUNDS
https://fred.stlouisfed.org/series/CPILFESL

Figure D.1: Impulse responses to a foreign discount rate shock under ZLB* and No ZLB*
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