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1 Introduction

Regime changes in the conduct of monetary policy have been documented largerly over

the last ten years. They refer to changes in the way the Central Bank of a country reacts

to the key macroeconomic variables, i.e. in�ation and output. An example of such a

change in monetary policy is that of the US. In particular, Clarida et al. (2001), Lubik

and Schorfheide (2004) and Boivin and Giannoni (2006) showed that the reaction of the

Fed towards in�ation �uctuations until the late '70s was less aggressive compared to that

from the early '80s onwards. As a result many authors attribute high in�ation volatility

in the US during the '70s to the way the Fed was reacting over that period to in�ation

�uctuations1. Moreover, according to these authors, changes in monetary policy are the

main reason for the changes in the impulse responses of in�ation and output.

A weakness of the above papers is that they assume that the private sector is naive.

That is, they do not take into account the expectations formation e�ects. The latter

refers to the way expectations are formed and how they a�ect the dynamics of in�ation

and output. In a rational expectations framework where monetary policy switches regimes

over time, the private sector will always take those shifts into account. For example, if

there is the expectation the Central Bank will react more aggressively to in�ation in the

near future, agents will incorporate this into their expectations about future in�ation.

Consequently, such an information is able to start stabilizing in�ation and output even

before the actual future policy takes place.

A popular way of modelling this bahavior of the monetary authority and the private

sector is by introducing Markov switching in monetary policy. Davig and Leeper (2007),

Liu et al. (2008, 2009) and Farmer et al (2011), relying on the empirical estimates about

the way monetary policy was conducted in the US from 1970 until recently contruct closed

economy DSGE models where the coe�cients in the interest rate rule of the Central Bank

change over time according to a Markov switching process. All the three papers conclude

1There is a huge literature over the causes of a change in in�ation volatility in the US. Some authors, such as Stock
and Watson (2003), attribute that change to di�erent shock sizes, rather than to changes in the way monetary policy was
conducted . In other words, according to these authors, heteroskedasticity in shocks variances seems to be the main reason
for changes in the volatility of the key macroeconomic variables.
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that the expectation of a future regime shift in monetary policy has signi�cant e�ects on

in�ation and output today. Those can be either stabilizing or destabilizing depending on

what is the expected future policy.

A weakness, though, of the existing literature is that its is restricted to a closed economy

framework. As a result, so far, in the literuture on Markov-switching DSGE models, the

cross country e�ects of regime shifts in monetary have not been analyzed. The monetary

policy of one country has e�ects on other countries as well. Therefore, it is important that

we have an open economy framework, so that to analyze the e�ects that a change in the

monetary policy in one country has on another country. Changes in the volatilities and the

impulse responses of key macroecnomic variables may be the result of changes in domestic

conditions. But, it may be that the volatility of in�ation or output changes as a result of

a shift in monetary policy of a foreign country. Furthermore, it is likely that the impulse

responses of those two variables change as well, as the foreign monetary policy changes

and even though the domestic monetary policy has not changed at all. For this reason I

construct a two country DSGE model, in order to extend the existing analysis on Markov-

switching DSGE models from the closed economy, to the open economy framework.

This paper has three objectives. The �rst is to �nd whether there have been changes in

the monetary policy of the Eurozone or the US or both at the same time. Then, if this is

the case, to analyze what are the cross country e�ects of a change in the monetary policy

of at least one of the two countries. In particular, the objective in the empirical part is to

�nd the extent to which changes in the dynamics of in�ation and output in one country

are the result of the change in the monetary policy of the other. The second objective,

given the empirical �ndings, is to construct an open economy structural model, in order

to disentangle the di�erent forces that lead to variations in the dynamics of in�ation

and output in the home country, when the foreign country changes its policy. The third

objective is to �nd what the optimal reaction of the home Central Bank should be when

the monetary policy of the foreign country switches regimes over time, based on a welfare

criterion. Should it follow a time invarinat policy rule, or not?

As a �rst step I provide some motivation for the construction of the theoretical model.
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A SVAR model for the Eurozone and the US is estimated, using real time monthly data

spanning from 1999 through 2010. The empirical model includes seven variables, namely

in�ation, output gap and the nominal interest rate for both the Eurozone and the US,

as well as the real exchange rate. I perform parameter stability tests using the Andrews

sup-Wald test, as in Boivin and Giannoni (2002) ans the Andrews-Ploeberger test2. Both

tests �nd that there have been statistically signi�cant changes in the coe�cients in the

US interest rate equation. The Andrews-Ploeberger test locates the date of the break in

June 2004. However, coe�cients in the Eurozone interest rate equation seem to be more

stable. Therefore, I split the sample into two subsamples, namely before and after that

date. The impulse response analysis showed that the responses of Eurozone in�ation are

completely di�erent in the two samples. The same holds for output gap in the Eurozone.

The importance of this result rests on the fact that the responses of of those two variables

have changed even though the coe�cients in the Eurozone interest rate rule equation seem

to be fairly stable. Additionally, the responses of in�ation and output in the Eurozone

in the second subsample are more pronounced. Keeping this �nding I proceed to the

construction of an open economy DSGE model, in order to provide some intuition behind

the driving forces of this result.

I contruct a two country DSGE model as in Benigno and Benigno (2001) and Benigno

(2004). I extend their approach by allowing the coe�cients in the interest rate rule to

change over time. I assume, initially, that it is only the foreign country whose interest

rate rule coe�cients change over time. Moreover, the home country is initially assumed to

not optimally reacting to foreign monetary policy. It rather adopts the standard Taylor

rule with some interest rate smoothing. I show that even though the home Central Bank

does not change its interest rate rule, a shift in the foreign monetary policy a�ects the

volatilities of home in�ation and output, as well as their responses to alternative shocks.

Therefore, even though domestic monetary policy is constantly (and with a constant co-

e�cient) aggresive towards in�ation �uctuations, home in�ation may exhibit increasing

or decreasing volatility over time. Speci�cally, if there is a non zero probability that the

2I use the Andrews-Ploberger test because of its virtue of identifying the break date.
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coe�cient on in�ation in the foreign interest rate rule will be less than one in the near

future, then not only foreign in�ation will be more volatile, but also home in�ation. This

is so because, both home and foreign agents incorporate this probability in their future

in�ation expectations3. Commiting, thus, to a speci�c, regime independent interest rate

rule proves not to be enough to stabilize the economy of the home country.

Hence, as a next step, I solve the dynamic programming problem of the home Central

Bank conditional on foreign monetary policy switching regimes over time, as in Zampolli

(2006). I show that commitment to a time invariant interest rate rule is suboptimal

for the home country. Home central bank must be always aggressive towards in�ation

�uctuations. That is, it must always have a coe�cient on in�ation in its interest rate

rule that is greater than one. I �nd that as the probability that the foreign Central

Bank decreases its coe�cient on in�ation to less than one rises, the home Central Bank

should become more aggressive towards in�ation. The opposite holds as the probability

of the foreign coe�cient on in�ation becoming greater than one increases4. The intuition

behind that result is consistent with initial �nding of an increasing volatility of home

in�ation, as the probability of foreign monetary policy becoming dovish5 in the future

rises. Additionally, the coe�cient on output gap must increase as well, when the foreign

monetary policy becomes hawkish. The impotance of �nding rests on the fact that, when

one country changes its policy, then the other country must do the same. Markov swithing

policy, thus, proves to be Pareto superior for the home country.

The paper is organized as follows. In section 2 a SVAR model is estimated using real

time data for the Eurozone and the US, in order to motivate the theoretical model. In

section 3 a two country DSGE model is constructed, allowing for regime switching in

monetary policy of the foreign country. In section 4, the model is presented in its loglinear

form. In section 5, the welfare criterion for the Home central bank is derived. In section 6

the solution technique of the Markov-Switching DSGE (MSDSGE) is described. In section

3Throughout the paper I assume that the probability of a regime switch is the same for both home and foreign agents.
4The way the dynamic programming problem is constructed implies that there is a 'leader' (i.e. the foreign Central Bank)

and a 'follower' (i.e. the home Central Bank). One, however, must not confuse this with the timing of the decisions. See
also Benigno and Benigno (2001) for a similar characterization.

5As is standard in the literature, from now on dovish regime will refer to the case where the foreign coe�cient on in�ation
is less than one. Hawkish regime will refer to the case where the foreign coe�cient on in�ation is larger than one.
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7 the model is calibrated and simulated. In section 8 the dynamic programming problem

of the Home central bank is solved, in order to �nd what the optimal reaction of the latter

should be, conditional on the fact that foreign monetary policy switches regimes. Section

9 concludes.

2 Stylized facts

2.1 A SVAR model for the Eurozone and the US

In this section I present a structural VAR model for the Eurozone and the US. The

objective is to show how key macroeconomic variables respond to various kinds of shocks

in both areas. Since the focus of this paper is on changes in monetary policy of either one

or, at the same time, both countries I perform paramtere stability tests, as in Boivin and

Giannoni (2002, 2006).

The SVAR model consists of seven variables, namely output gap, in�ation rate and

nominal interest rates in the Eurozone and the US, and the real exchange rate. Such

a model may lead to better policy implications. This is so, because the regions under

consideration are close trade partners and, hence, it is likely that changes or shocks in the

monetary policy of one country have important e�ect on the key macroeconomic variables

of the other. Additionally, this allows us to draw inference on how each Central Bank

should react with respect to the foreign monetary policy. The SVAR model receives the

following form.

A0Xt = Γ0 + Σp
i=1ΓiXt−i + ut (1)

where A0 is nonsingular, while the variance-covariance matrix of the fundamental distur-

bances Σu = E(ut, u
′
t) is assumed to be diagonal. Since I am testing also the importance

of real exchange rate targeting in the Eurozone, given that the Fed follows a Taylor-type

rule6, the restictions imposed allow for contemporaneous e�ects of the real exchange rate
6 I assume that the Taylor rule �ts well US monetary policy until today. Clarida, Gali and Gertler (1998) estimating
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in the policy rate, apart from those by CPI rate and the output gap. Therefore, the

complete represantation of the SVAR model is summaraized as follows.



1 a12 0 a14 0 a16 0

0 1 0 0 0 0 0

a31 a32 1 0 0 0 0

a41 0 0 1 a45 0 0

0 a52 0 a54 1 a56 0

0 0 0 0 0 1 0

0 0 0 0 a75 a76 1





CPIEuro

GapEuro

iEuro

RER

CPIUS

GapUS

iUS


t

=

=
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The reduced form of the VAR model, thus, is speci�ed as

Xt = A−10 Γ0 + A−10 Σp
i=1ΓiXt−i + εt

where εt = A−10 ut are the reduced form errors with a variamce-covariance matrix Σε =

E(εt, ε
′
t) = A−10 E(ut, u

′
t)A
−1
0 = A−10 ΣuA

−1′
0 .

The target of this paper is to �gure out whether there have been changes in the way

monetary policy was conducted until today by both the ECB and the Fed, and, if so,

what does this imply for what the optimal monetary policy of the home country, i.e. the

Eurozone, should be. Therefore, in the empirical model stability tests are performed. The

policy rules for the US �nd that the real exchange rate or foreign variables are not statistically signi�cant in the interest

rate rule.
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strategy followed is similar to that in Boivin and Giannoni (2002). In particular, I am

interested in testing for the stability of the parameters of the SVAR model throughout

the sample. For each equation of the SVAR model, the stability of all the coe�cients is

tested7. I test for parameter stability using two tests. The �rst test is the Wald version

of the Quandt test, or the Andrews sup-Wald test. The second is the Andrews-Ploberger

test8. The former has the virtue that it has power against various alternatives, as far as

the process of the structural parameters is concerned. The latter is able to locate the

timing of the break, if there is one. If there is evidence of parameter instability, then the

impulse responses computed using the model estimated for the whole sample are no longer

valid. Therefore, if this is the case, we split the sample in smaller subsamples, depending

on the timing of the break, estimated by the Andrews-Ploeberger test.

Given that some authors have argued infavour of changes in the size of shocks hitting the

economy, rather than changes in the structural parameters, being the reason for changes

in the transmission of monetary policy, heteroskedasticity tests in the estimated residuals

are also performed. For each equation speci�c estimated residual the LM test for ARCH

e�ects is used.

2.2 Data

Monthly real time data were gathered from the ECB statistical warehouse and the Federal

Reserve Bank of Philadelphia. The dataset spans from 1999:1 though 2010:6. GDP is

proxied by total industrial production. CPI for each region is used as the in�ation rate.

As far as the policy rates are concerned, the Federal Funds rate for the US and the

interbank overnight rate for the Eurozone are used. Finally, the nominal exchange rate is

proxied by the end of period euro-dollar rate.

7Evidence of parameter instability in monetary VAR models is mixed. Boivin and Giannoni (2002), Bernanke, Gertler
and Watson (1997) and Boivin (2006) �nd evidence of parameter instability, while Christiano, Eichenbaum and Evans (1999)
�nd the opposite.

8Note that the heteroskedasticity robust version of both tests was used.
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2.3 Empirical results

2.3.1 Stability and heteroskedasticity tests

In this section I estimate the SVAR model9. For each equation's coe�cients the above

mentioned stability tests are performed. At table 1 below the p− values from both tests

are reported10.

Table 1: Stability Tests on Reduced-form VAR coe�cients

Regressors

Dep. vrb CPIEuro GapEuro iEuro RER CPIUS GapUS iUS

CPIEuro 0.0181 0.9491 0.0189 0.0415 0.0174 0.4007 0.0353

GapEuro 0.7225 0.2944 0.7338 0.7030 0.7407 0.3018 0.6947

iEuro 0.0508 0.6871 0.1231 0.0432 0.0497 0.5500 0.0825

RER 0.0008 0.5122 0.0002 0.0015 0.0007 0.7031 0.0047

CPIUS 0.5558 0.4223 0.2338 0.6056 0.5608 0.4859 0.1903

GapUS 0.0112 0.0561 0.0132 0.0429 0.0112 0.1491 0.0388

iUS 0.0025 0.6122 0.0000 0.0030 0.0026 0.2339 0.1093

Notes: p− values reported. Red: Signi�cant at 1% s.l., Blue: Signi�cant at 5% s.l.

Stability tests at Table 1 show that at 1% signi�cance level, monetary policy in the US

seems to have changed over the sample considered. Four out of seven coe�cients in the

equation for the Fed Funds rate have changed over time. On the other hand monetary

policy in the Eurozone has not changed at 1% signi�cance level. At 5% signi�cance level,

though, the coe�cients on lagged foreign in�ation and the real exchange rate appear to

have changed. As for the output gap in the Eurozone, it seems to be fairly stable. I derive

the same result for CPI in the US. On the other hand the coe�cients in the Eurozone

CPI and the US output gap equations are subject to breaks at 5 %signi�cance levels.

Although, it is easy to interpret breaks in the coe�cients in the interest rate equations

9The lag length of the VAR model was chosen based on the AIC and the BIC criterion. Both criteria showed that 2
lags is optimal.

10We report p − values obtained only from the Andrews-Ploberger test in order to save space. The results from the
Andrews-Quandt test lead to the same conlcusions.
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as changes in the way monetary policy is conducted, breaks in the CPI and the output

gap equations are less easy to interpret. As regards Eurozone CPI, it is shown that the

co�cients on lagged domestic and foreign CPI rates are subject ot breaks. This could be

attributed to changes in the degree of openness in the Eurozone, or home bias. Taking

into account the structure of a New-Keynesian Phillips curve, the break in the coe�ecient

on lagged interest rate in the Eurozone CPI equation , could be due to either a change

in the frequency of price adjustments, or a change in the degree of backward lookingness

in price setting behaviour, or a change in the degree of risk aversion, or change in the

degree of habits in consumption, or a combination of all the above. Finally, the changes

in the coe�cients on lagged Eurozone CPI rate, on lagged Eurozone interest rate, on

lagged real exchange rate, on lagged US CPI rate and on lagged US interest rate in the

US output gap equation could be attributed to changes in the degree of opennes of the

US economy, the degree of risk aversion, the degree of endogenous persistence in output,

or to a combination of those three factors. I keep, however, the fact that monetary policy

seems to have changed, particularly in the US, which is the principle motivation of this

paper.

Finally, the Andrews-Ploberger test showed that the break in the US interest rate

equation took place in June 2006. I, thus, use this estimate to split the initial sample into

two subsamples when I will be doing the impulse response analysis in the next section.

The last testing performed was on the variance of the estimated equation speci�c resid-

uals. As already mentioned, I tested for this using the LM test for ARCH e�ects. The

results are shown at table 2 below.
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Table 2: Heteroskedacticity tests

p− values

CPIEuro 0.6088

GapEuro 0.1550

iEuro 0.0105

RER 0.5734

CPIUS 0.2365

GapUS 0.4856

iUS 0.4261

Results at table 2 above show that at 5% signi�cance level only the variance of the residuals

from the Eurozone interest rate equation seems to have changed over time. In the two

country DSGE model presented in subsequent sections on the paper, I will consider the

case where there is such change, as well, apart from the changes in the coe�cients in the

foreign country's interest rate rule.

2.3.2 Impulse responses

In this section the impulses reponses are computed. Since the Andrews-Ploberger stability

test suggested that there has been a change in the US monetary policy at 1% signi�cance

level, the sample was split into two subsamples. Namely, before and after June 2004. The

impulse responses of the vairalbes of the VAR model are computed for each subsample.

Given the presence of breaks in the whole sample, those should be expected to di�er

depending on the sample used in the estimation in each case. At �gure 2 below I present

the responses of CPI in the Eurozone following a contractionary monetary policy shock,

a postive cost-push shock, a positive demand shock and a postive RER shock in both the

Eurozone and the US.
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Figure 2: Impulse Responses of Eurozone CPI to alternative shocks.

Sample: 1999:1 - 2004:6

Sample: 2004:7 - 2010:6

Notes: Blue lines: 95% posterior con�dence interval.
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From the impulse responses I derive the following results. The impulse responses are

di�erent in the two samples. In particular, CPI in�ation is more volatile and persistent

in the second sample for all kinds of shocks considered11. Moreover, the sign of the initial

impact seems to change as well. For example, CPI initially jumps in the �rst sample,

after a monetary policy shock in the Eurozone. On the contrary, it falls in the second

sample. We derive the same result when looking at the impulses following a demand

shock in the US. Given that we found evidence against a switch in the monetary policy

of the ECB, higher in�ation volatility in the Eurozone in the second sample could be

attributed to the cumulative e�ect of the US monetary policy being less aggressive against

in�ation �uctuations for a long period of time. This is so, because it takes time for the

Eurozone CPI to incorporate the e�ects of the foregn monetary policy. At table 3 below,

the standard deviation of CPI rates in the Eurozone and the US is computed12.

Table 3: In�ation Volatility
Sample 1 Sample 2

Eurozone 0.5175 0.7023
US 0.7486 1.2730

Notes: Sample 1: 1991:1 to 2004:6 while

Sample 2: 2004:7 to 2009:12 using ex-post data

2.3.3 Robustness checks

In order to check the sensitivity of the results found so far, various robustness exercises

are implemented. The �rst one considers alternative measures for the output gap. The

procedure followed is similar to that in CGG (2000). In particular, instead of using the

hp − filter, the output gap was measured as the deviation of log industrial output from

a �tted quadratiuc function of time. The results do not di�er signi�cantly13. Both the

AIC and the BIC information criteria show that two is the optimal choice of lags in the

11Impulse responses of the output gap lead to the same conclusion. The latter is less volatile and persistent after all kinds
of shocks, in the �rst sample.

12Volatilities were also computed for sample 2 until the recent �nancial crisis. The results are the same (i.e. higher
volatility in the second sample). Not surprisignly though, volatilities in this smaller second sample are smaller than our
original sample 2.

13We do not show the results of the robustness exercise here, in order to save space.
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VAR model. The parameter stability tests do not di�er signi�cantly from those reported

at table 1 above. The Andrews-Ploberger test locates a break in the parameters in the

Federal Funds rate equation in June 2004, as was the case when the hp− filter was used

instead. However, what seems to change now is the coe�cients only on the lags of the

Euro-rate at 1% signi�cance level. The coe�cients on the rest the parameters remain

unchanged14. The LM test for ARCH e�ects provides the same results as before. That

is, only the the variance of the errors in the Euro-rate equation changes at 1% signi�cance

level. Finally, the impulse responses lead to the same conclusion as above. Both the CPI

and the output gap in the Eurozone are more volatile and persistent, following any kind

of shock, in the second sample.

As a second exercise, a more parsimonious SVAR model was constructed. Given that

the dataset is small, it is likely that the impulse responses may not be accurrate, the higher

the number of the free parameters to be estimated in matrix A in (1). Therefore, a new

SVAR model was estimated allowing for a31, a32, a75, a76 to be the only free parameters

to be estimated. The key results, found so far, do not change. The impulse responses of

the CPI and the the output gap in the Eurozone show that both are more volatile and

persistent in sample 215.

Moreover, the importance of additional targets in the interest rate rule of both central

banks was tested. That is, it was assumed that the each of rest the variables in the system

has a contemporaneous e�ect on the interest rate of each region. At �rst, the strategy

followed was to test the importance of each of the parameters in matrix A individually,

so that to avoid the cost of loosing degrees of freedom. Then, the case where both banks

react to foreign variables or the RER, jointly, was considered. Targeting the RER is

14Remember that when the hp − filter was used, the Andrews-Ploberger test found that the coe�cients on the US and
the Euro CPI, the Eurozone output gap change and the real exchange rate, as well, apart from those on the lags of the
Euro-rate.

15Setting a12 = a16 = a52 = a56 = a75 = a76 = 0 does has negligible e�ects on the impulse responses. Setting, though,
a14 = a54 = 0 has nonneglible e�ects on the impulse responses. That is, allowing for a contemporaneous e�ect of real
exchange rate shocks on the CPI in either country changes the behavior of both the output gap and in�ation. In the �rst
subsample, the Eurozone output gap is less volatile after a shock to the RER than when a14, a54 6= 0. The same holds for
the Eurozone CPI. In the second subsample, the Eurozone CPI is much less volatile after a shock to the RER. Following
a demand shock, though, the latter is more volatile. The output gap in the Eurozone is more volatile after a RER shock
whenver a14 = a54 = 0. However, as regards the rest of the shocks, the e�ects of not allowing for contermporaneous e�ects
of RER shocks to the CPI are negligible. Finally, note that still the main conclusion does not change. All variables are more
volatile in the secong subsample.
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bene�cial for both central banks only in sample 1. It is enough that only one of the two

banks adopts a target for the real exchange rate. However, the opposite holds in sample

2, where RER targeting does worse than the initial speci�cation in matrix A. Reacting to

foreign in�ation yields nonneglible gains16 to both regions. But this holds only for sample

1. Moreover, the sign of the initial responses of some variables, after some shocks, seems

to be reversed. When both banks react to the foreign interest rate, there are signi�cant

gains regarding in�ation �uctuations, in sample 1, especially after a monetary policy shock

in the Euro-rate. On the contrary, this no longer holds in sample 2, where reacting to the

foreign rate seems not preferable. Finally, foreign output gap targeting allows for lower

in�ation and output �uctuations in both regions, regardless of the sample.

The possibility, though, of both central banks targeting at the same time foreign vari-

ables and/or the real exchange rate was also considered. The results do not change im-

portantly.

2.3.4 A Markov switching interest rate rule for the US

Taking into account the stability test results of section 2.4.1, I now estimate an interest

rate rule for the US, which receives the following form

it = α0(st) + απ(st)πt + αx(st)xt + εt (2)

where πt is in�ation and xt is the output gap. st indicates the monetary policy regime

and follows a two-state Markov chain. The sample I use is the same as that used for the

estimation of the structural VAR model above. Table 4 reports the parameter estimates.

16By gains, we meen lower in�ation and output gap �uctuations.
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Table 4

Monetary policy rule estimates

States Active Passive

st = 1 st = 2

απ 1.4562(0.00) 0.3798(0.02)

αx 0.5934(0.01) 0.4803(0.02)

σε 1.8785e-003 2.2436e-003

Log likelihood value = -235.8437. P-values in parentheses

the estimated transition matrix is as follows:

P =

 0.91 0.09

0.09 0.91

 (3)

Figure 3 below consists of two panels. The upper panel plots the US real interest rate and

in�ation. The bottom panel plots the estimated transition probabilities for each regime.

Figure 3

The estimated Markov-switching interest rate rule seems to caputre the monetary policy

of the fed quite well. The real interest rate starts to fall more than in�ation from late 2001
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onwards, implying a switch to a more accommodative monetary policy. Indeed, looking at

the transition probabilities over the same period, it seems that the probability of staying

in state 1 (hawkish) falls (blue line), while the probability of state 2 (dovish) rises (red

line). Throughtout the period from 2002 to mid-late 2006, where the real rate is much

lower than in�ation and negative, the probability of the dovish regime (red line) is close to

one. On the other hand the real rate exceed in�ation for the period from late 2006 to late

2007. During that period there is a switch as the Markov switching rule indicates. That

is, the probability of switching and then staying in state 1 (hawkish) goes up. Overall,

the estimated rule captures fed's policy well. The only exception is the year 2009 where

the real rate exceed in�ation.

The results shown above are in line with the existing literature. Bekaert et al. (2011)

estimate a closed economy New-Keynesian model where the parameters in the interest

rate rule change according to a Markov chain. Using quarterly data for the US, they

�nd that from 1999, which is the start of the sample in this paper, until late 2004, the

monetary policy of the fed has been active17. From mid 2005, the US monetary policy is

accommodative, while the probability of a switch to a high in�ation regime rises as well.

In particular Bekaert et al. note that � in 2000 there was a switch to the activist regime,

as interest rates rapidly declined� . Moreover, regarding the accommodative policy during

2002-2006, they note that �the recent credit crisis starting in 2007 is preceded by a passive

montery policy�.

The �nding of an accommodative US monetary policy from early 2003 until mid to late

2006 is in line with description of the fed's policy by Ben Bernanke (2010) at the Annual

Meeting of the American Economic Association in Atlanta stating the following:

�The low policy rates during the 2002-06 period were accompanied at various

times by �forward guidance� on policy from the Committee. For example, be-

ginning in August 2003, the FOMC noted in four post-meeting statements that

policy was likely to remain accommodative for a considerable period�.
17In their paper active is equivalent to the hawkish regime in my paper.
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2.3.5 Key Results

From the empirical analysis above, we keep the following key messages. The �rst is that,

there were changes in US monetary policy since the adoption of the common currency

in Europe, which seem to have a�ected the volatility of key macroeconomic variables not

only in the US, but also in the Eurozone. Moreover, this change in US monetary policy

has a�ected the way macroeconomic aggregates react to various kinds of domestic and

foreign shocks. Therefore, changes in the way monetary poliucy is conducted in the foreign

country have important implications on the behavior of the Home country macroeconomic

variables, even though domestic monetary policy does not change. The degree of openness

and, hence, terms of trade e�ects are likely to be one of the main driving forces for this

result. The second is that, there were changes in the behavior of the private sector, as

well. This implies that the way expectations were formed, as well as the price setting

decisions might have changed over the time considered in this analysis. Finally, empirical

results show that changes in the shock variances do not seem to be the cause for the

di�erences in impulse responses and volatility observed in the two subsamples. Keeping,

thus, those facts I proceed to the construction of a two country DSGE model, in order to

decompose the e�ects of those results, theoretically, and to �gure out what the optimal

policy of the Home country should be, given that foreign monetary policy switches regimes.

Throughout, the Eurozone is assumed to be the home country, while the US is the foreign.

3 The model

3.1 Households

In this section, I specify the structure of the baseline, two country stochastic general

equilibrium model. Each country is populated by a continuum of in�nitely lived and

identical households in the interval [0, 1]. Foreign variables are denoted with an asterisk.

There are two kinds of households as in Amato and Laubach (2003). We allow ψ to denote

the probability that the household is able to choose its consumption optimally, and which
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is independent of the household's history. Therefore, by the law of large numbers, in each

period a fraction ψ of households will reoptimise, whereas the remaining fraction 1 − ψ

will not. The latter will choose its consumption in period t according to the following rule

of thumb

CR
t = Ct−1 (4)

where Ct denotes aggregate per capita consumption in period t. The remaining 1 − ψ of

households choose CO
t so as to maximize their ultity. Thus, per capita cunsumption in

preiod t is given by

Ct = ψCO
t + (1− ψ)CR

t (5)

As in Laubach and Amato, this midi�cation to the consumer's problem is based on the

assumption that it is costly to reoptimise every period18. The households who choose

consumtion optimally choose CO
t to maximize their uitlity function. They derive utility

from consumption and disutility from labor supply. The utility function, thus, is speci�ed

as

Ut = Et

∞∑
s=t

βs−t
[

(Cs)
1−σ

1− σ
− (Ls)

1+γ

1 + γ

]
(6)

where σ is the degree of relative risk aversion. Ct is a composite consumption index

described as

18Amato and Laubach note that Rule (1) has the important feature that rule-of-thumb consumers learn from optimizing
households with one period delay. Hence, although Rule (1) is not optimal, it has three important properties. First agents
are not required to compute anything. Second, rule-of-thumb households learn from optimizing ones, because lat period's
decisions by the latter are part of Ct−1. Third, the di�erences between CRt and COt are bounded, and will be zero in the
steady state.
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Ct =

[
δ

1
ρC

ρ−1
ρ

H,t + (1− δ)
1
ρC

ρ−1
ρ

F,t

] ρ
ρ−1

ρ > 1

C∗t =
[
(δ∗)

1
ρ (C∗F,t)

ρ−1
ρ + (1− δ∗)

1
ρ (C∗H,t)

ρ−1
ρ

] ρ
ρ−1

(7)

where ρ captures the intratemporal elasticity of substitution between home and foreign

goods. δ > 1
2
is a parameter of home bias in preferences.CH is the home consumption

index. CF is the foreign consumption index. Consumption indices in the home and the

foreign country are de�ned as

CH,t =
[´ 1

0
ct(z)

θ−1
θ dz

] θ
θ−1

, CF,t =
[´ 1

0
ct(z)

θ−1
θ dz

] θ
θ−1

C∗H,t =
[´ 1

0
c∗t (z)

θ−1
θ dz

] θ
θ−1

, C∗F,t =
[´ 1

0
c∗t (z)

θ−1
θ dz

] θ
θ−1

(8)

Money de�ator is given by the aggregate consumption price index for the home and foreign

country respectively, which is speci�ed as

Pt =
[
δ(PH,t)

1−ρ + (1− δ)P 1−ρ
F,t

] 1
1−ρ

P ∗t =
[
δ∗(P ∗F,t)

1−ρ + (1− δ∗)P ∗H,t1−ρ
] 1

1−ρ

(9)

where PH and PF are price indices for home and foreign goods, expressed in the domestic

currency and τt captures the time varying transaction cost assumed to follow a stationary

AR(1), τt = ρττt−1+νt, νt v N(0, σ2). The price indices for the Home and Foreign country

are de�ned as

PH,t =
[´ 1

0
pt(z)1−θdz

] 1
1−θ

, PF,t =
[´ 1

0
pt(z)1−θdz

] 1
1−θ

P ∗H,t =
[´ 1

0
p∗t (z)1−θdz

] 1
1−θ

, P ∗F,t =
[´ 1

0
p∗t (z)1−θdz

] 1
1−θ

(10)
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In each period t the economy experiences one of the �nitely many events st ∈ Ω (Ω being

the set of the �nitely many states). Let ht denote the history of realized states until period

t included. The probability of particular state to occur is de�ned as π(st+1|ht). The initial

realization s0 is given.

Capital markets are complete. The consumers of both countries purchase state contingent

bonds denominated in the domestic currency, Bt for domestic agents and B∗t for foreign

agents at price Qt. That is Bt denotes the home agent's holdings of a one period nominal

bond paying one unit of the home currency.

The home agent maximizes her utility subject to the period budget constraint

PtCt +Qt,t+1Bt+1 = Bt +WtLt + Πt (11)

where Wt is the nominal wage and Πt are nominal pro�ts the individual receives.

3.2 First order conditions

Maximizing the utility function (1) subject to the budget constraint (6) yields the following

�rst order conditions

Qt,t+1 =
βPt
Pt+1

(
CO
t

(CO
t+1 + x)

)σ
(12)

Lt = (CO
t )−

σ
γw

1
γ

t (13)

where the �rst equation is the usual Euler equation, the second determines the labor

supply schedule and the third the demand for real money balances.
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Individual demands for each good z produced in the home and in the foreign country

respectively are expressed as

ch,t(z) =

(
pht (z)

PH,t

)−θ (
PH,t
Pt

)−ρ
δCt (14)

cf,t(z) =

(
pft (z)

PF,t

)−θ (
PF,t
Pt

)−ρ
(1− δ)Ct (15)

3.3 Risk sharing

The fraction of foreign households who choose their consumption optimally (ψ∗) , maximize

their utility subject to their budget contraint speci�ed as

P ∗t C
∗
t +

Qt,t+1B
∗
t+1

zt
=
B∗t
zt

+W ∗
t L
∗
t + Π∗t (16)

where zt is the nominal exchange rate de�ned as the domestic currency price of the foreign

currency.

Therefore, the Euler equation from the foreign agent's maximization problem is

Qt,t+1 =
βP ∗t zt
P ∗t+1zt+1

(
CO∗
t

CO∗
t+1

)σ
(17)

International �nancial markets are complete. Domestic and foreign households trade

in the state contingent one period nominal bonds denominated in the domestic currency.

Therefore, combining (9) and (14) , we receive the following optimal risk sharing condition

(
CO∗
t

CO
t

)−σ
= $qt (18)
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where $ ≡
(
Cf0+x

Ch0 +x

)−σ
P0

z0P ∗0
depends on initial conditions and qt =

ztP ∗t
Pt

is the real exchange

rate.

3.4 Price setting

There are two types of �rms, the backward looking and the forward looking. As a result,

in�ation will depend on both its lagged and forward values. Prices are sticky with a

price setting behavior à `a Calvo (1983). At each date, each �rm changes its price with a

probability 1 − ω , regardless of the time since it last adjusted its price. The probability

of not changing the price, thus, is ω. The probability of not changing the price in the

subsequent s periods is ωs. Consequently, the price decision at time t determines pro�ts

for the next s periods. The price level for home goods at date t will be de�ned as

PH,t =
[
ωP 1−θ

H,t−1 + (1− ω)p̃t(h)1−θ
] 1

1−θ (19)

Firms that are given the opportunity to adjust their prices will either follow a rule of

thumb (backward looking �rms) or will chose the price that maximizes their expected

discounted pro�ts (forward looking �rms). The price p̃t(h) that will be set at date t is

speci�ed as

p̃t(h) = ζpBt (h) + (1− ζ) pFt (h) (20)

where ζ ∈ (0, 1) is the fraction of backward looking �rms, pBt (h) and pFt (h) is the price

set by the backward and the forward looking �rms, respectively. A continuum of �rms is

assumed for the home economy indexed by z ∈ [0, 1]. Each �rm produces a di�erentiated

good, with a technology
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Yt(z) = AtLt(z) (21)

where At is a country speci�c productivity shock at date t which is assumed to follow a

log stationary process

The strucure of productivity shocks across the two countries receives the following form

 αt

α∗t

 =

 ραt ραtα∗t

ρα∗tαt ρα∗t

 αt−1

α∗t−1

+

 εα,t

ε∗α∗,t



where

 εα,t

ε∗α∗,t

 ∼ N(0,Σ2), with Σ2 =

 σ2
εa 0

0 σ2
ε∗
α∗

.
Each �rm chooses a price for the home market and a price for the foreign market.

Backward looking �rms.

Backward looking �rms set their prices according to the following rule

pBt (h) = PH,t−1 + πH,t−1 and pB∗t (h) = P ∗H,t−1 + π∗H,t−1 (22)

Forward looking �rms.

Forward looking �rms set their prices by maximing their expected discounted pro�ts.

Their maximization problem comprises of two decisions. The one concerns the price for

the domestic market and the other the price charged in the foreign market, when it exports.

Hence their maximization problem is described as

maxEt

∞∑
s=0

ωsQt,t+s

{
p̃t(h)yht+s(h) + εtp̃t

∗(h)yft+s(h)−W h
t+sL

h
t+s

}
(23)

where yit(h), i = h, f is the demand for the home good for home and foreign agents speci�ed

as
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yht (pt(h)) =

(
pt(h)

PH,t

)−θ (
PH,t
Pt

)−ρ
δ∗Ct, (24)

yft (p∗t (h)) =

(
p∗t (h)

P ∗H,t

)−θ (
P ∗H,t
P ∗t

)−ρ
(1− δ∗)C∗t (25)

The �rm maximizes its objective function (25) subject to (26) in order to �nd the optimal

price for the Home good in the Home economy. It maximizes subject to (27), in order

to �nd the optimal price for the Home good in the Foreign economy. The �rm chooses a

price for the Home good in the Home economy that satis�es the �rst order condition

Et

∞∑
s=0

ωsQt,t+syt+s(pt(h))

{
pt(h)− θ

θ − 1
MCt+s

}
= 0

where MCt+s = Wt+s

At+s
denotes the nominal marginal cost and θ

θ−1 captures the optimal

markup.

The optimal price, thus, for the Home good in the Home country is speci�ed as

pt(h) =
θ

θ − 1

Et
∑∞

s=0 ω
sQt,t+sMCt+sy

h
t+s(pt(h))

Et
∑∞

s=0 ω
sQt,t+syht+s(pt(h))

(26)

Respectively, the optimal price for the Home good in the Foreign country is speci�ed as

p∗t (h) =
θ

θ − 1

Et
∑∞

s=0 ω
sQt,t+sMCt+sy

f
t+s(p

∗
t (h))

Et
∑∞

s=0 ω
sQt,t+sy

f
t+s(p

∗
t (h))zt+s

(27)

Finally, dividing (16) by PH,t−1:

Π1−θ
H,t = ω + (1− ω)

(
p̃t(h)

PH,t−1

)1−θ

(28)
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where ΠH,t ≡ PH,t
PH,t−1

.

Similarly, for the foreign goods consumed in the home economy:

Π1−θ
F,t = ω + (1− ω)

(
p̃t(f)

PF,t−1

)1−θ

(29)

The aggregate price level dynamics are speci�ed, thus, as

Π1−ρ
t = δ

[(
PH,t−1
Pt−1

)
ΠH,t

]1−ρ
+ (1− δ)

[(
PF,t−1
Pt−1

)
ΠF,t

]1−ρ
(30)

4 Markov Switching Monetary Policy

Monetary policy is conducted through nominal interest rate rules by the Central Bank. A

weakness of the exsiting literature on monetary policy in open economy models is that it

fails to take into account potential regime switches in the way monetary policy is conducted

in either one of the two or in both countries. I allow for such changes. I �rst show that

even though domestic monetary policy may not switch, a switch in the foreign monetary

policy has e�ects on the volatility of domestic output and in�ation, given the structure of

the model. In section 8, it is shown that optimal monetary policy for the home country

suggests it chagnes the coe�cients in its interest rate rule, depending on which regime

foreign monetary policy lies in and, of course, on the probabilities of a switch.

4.1 Policy rules

In this subsection I describe how Markov switching is introduced into the model. A markov

swtiching interest rate rule for the foreign country is speci�ed as
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i∗t = i
∗ρ∗st
t−1

(
ξ∗st

(
π∗t
π̃∗

)φ∗
π∗,st

ỹ
∗φ∗
y∗,st

t

)1−ρ∗st

eε
∗
t (31)

where st captures the realized policy regime taking values 1 or 2. Regime follows a Markov

process with transition probabilities pji = P [st = i|st−1 = j], where i, j = 1, 2. ξt is a scale

parameter, π̃∗ is the in�ation target and ỹ∗t is the output gap. This speci�cation implies

that the policy maker and the private sector observes the current regime. Therefore, pri-

vate sector expectations about future in�ation, for example, are speci�ed as E
[
πt+1|Ω−st

]
,

where Ω−st =
{
st−1, . . . , εt, εt−1, . . . , ε

∗
t , ε
∗
t−1, . . .

}
captures its information set. Having,

thus, assumed a two regime markov process for monetary policy, the transition probabil-

ity matrix P receives the form

P =

 p11 p12

p21 p22



where p11 measures the probability of staying at date t in regime 1 and p12 the probability

of moving to regime 2 at date t while being in regime 1 at date t − 1. p22 measures the

probability of staying in regime 2 at date t and p21 the probability of moving to regime 1

at date t while being in regime 2 at date t− 1.

Monetary policy may switch because of various reasons. One of them could be the switch

of the interests of the Central banker. There may be periods, for example, that he is more

interested in �ghting unemployment than in�ation. As a result, the weight on in�ation

in the interest rate rule could be lower. A monetary policy switch may also be justi�ed

by the change of the Central banker. As already mentioned, there is a high number of

papers arguing that the US monetary policy has been more tolerant as regards in�ation

�uctuations in the pre-Volcker period.

The empirical �ndings in section 2 showed that there was a change in the volatility of

in�ation in the Eurozone, even though its monetary policy remained unchanged. I keep

this �nding, at �rst, and assume that the interest rate of home central bank has time
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invariant coe�cients. A standard Taylor rule with interest rate smoothing is adopted

which can be summarized as

it = iρt−1

((πt
π̃

)φπ
ỹ
φy
t

)1−ρ

eεt (32)

5 Log linearized model

A log linearized version of the relationships found in the previous section serves in pro-

viding us with a way to deal with the problem of no closed form solution. The model is,

thus, loglinearized around a speci�c steady state. Given the markov switching nature of

the model, it is necessary that we provide the necessary and su�cient conditions which

guarantee that the steady state of the model is unique, and, thus, independent of regime

changes. This can be summarized in the following proposition, which is a simple extension

to that in Liu, Waggoner and Zha (2008) for the closed economy case

Proposition: The steady state equilibirum values of aggregate output, consump-

tion and the real wage are independent of monetary policy and are thus invariant

to monetary policy regime shifts. Moreover, as long as domestic monetary policy

does not change regimes, it is enough that

ξ∗st =
λ∗

β
π̃∗ȳ

∗−φ∗
y∗,st ,

where λ∗ is the exogenous trend growth rate of productivity and ȳ is the steady

state output gap, so that the steady state nominal variables are given by π =

π̃, π∗ = π̃∗, R = λ
β
π̃ and R∗ = λ∗

β
π̃∗, and which are independent of regime

changes as well.
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5.1 Supply side

We use a �rst order Taylor approximation around the steady state of zero in�ation rate.

Log linearized variables are denoted with a hat.

After loglinearizing the �rst order condition (11), the production function (19) the demand

schedules faced by each �rm (22) and (23) and optimal price setting rules (24) and (25),

we receive the two relations describing the domestically consumed home goods in�ation

rate and the respective of the home goods consumed in the Foreign country

πH,t = bπH,−1
πH,t−1 + bπ∗H,−1

π∗H,t−1 + βEtπH,t+1 + bπ∗Hπ
∗
H,t + bCĈt + . . .

. . .+ bT T̂t + bT ∗T̂
∗
t + bq q̂t + baat + εH,t (33)

π∗H,t = bπH,−1
πH,t−1 + bπ∗H,−1

π∗H,t−1 + βEtπ
∗
H,t+1 + b∗πHπH,t + b∗CĈt + . . .

. . .+ b∗T T̂t + b∗T ∗T̂
∗
t + b∗q q̂t + b∗aat + ε∗H,t (34)

where εH,t and ε
∗
H,t are i.i.d. cost push shocks. Tt =

PF,t
PH,t

and T ∗t =
P ∗H,t
P ∗F,t

captures the terms

of trade for the Home and Foreign country respectively.

The log linearized aggregate price level relation (22) is speci�ed as

πt = πH,t + (1− δ)(πF,t − πH,t) (35)

which can be further simpli�ed as19

πt = πH,t + (1− δ)∆T̂t
19To end up to that expression, we used equation T̂t = T̂t−1 + πF,t − πH,t for the relative which is reported later in the

text.
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5.2 Demand side

In this section we proceed to the loglinearization of the Euler equation

CO
t = κ(it − Etπt+1) + EtC

O
t+1 (36)

where κ = − 1
σ
, and using (2) the Euler equation receives the forward form, which includes

both backward and forward looking elements

Ct =
κψ

2− ψ
(it − Etπt+1) +

1

2− ψ
EtCt+1 +

1− ψ
2− ψ

Ct−1 (37)

Goods market clearing assumes the following two conditions

Y = CH + C∗H +Gt and Y ∗ = CF + C∗F +G∗t

where Gt and G
∗
t capture government expenditures for home and foreign country respec-

tively, assumed to follow an exogenous stationary AR(1) process gt = ρggt−1 + εg,t and

g∗t = ρg∗g
∗
t−1 + ε∗g,t, εg,t ∼ N(0, σ2

εg) and ε
∗
g,t ∼ N(0, σ∗2εg ).

Combining equation (35) and the market clearing conditions, I derive the aggregate de-

mand equation:

Ŷt = η1Ŷt−1 + η2EtŶt+1 + η3(it − Etπt+1) + η4∆Ŷ
∗
t + η5Et∆Ŷ

∗
t+1 + η6∆T̂t+

. . . η7Et∆T̂t+1 + η8∆T̂
∗
t + η9Et∆T̂

∗
t+1 (38)

30



where ηi , i = 1, .., 9 are de�ned in detail in the appendix.

5.3 Real exhange rate and relative prices

The real exchange rate dynamics are speci�ed by the following relationship

∆q̂t = ∆zt + π∗t − πt (39)

In the Home country the price of imported goods relative to that of Home goods is speci�ed

as Tt =
PF,t
PH,t

, whereas in the Foreign country the relative price of Home exported goods to

Foreign goods is speci�ed as T ∗t =
P ∗H,t
P ∗F,t

. Loglinearizing those two expressions we receive

the following

T̂t = T̂t−1 + πF,t − πH,t T̂ ∗t = T̂ ∗t−1 + π∗H,t − π∗F,t

5.4 Flexible price equilibrium

At the �exible price equilibrium �rms adjust their prices at each period. Each �rm will set

its marginal cost equal to the optimal marginal cost (i.e. −log
(

θ
θ−1

)
) which is constant

over time and equal across �rms. Since �rms adjust their prices every period, monetary

policy will not have any real e�ects into the economy. The real marginal cost is speci�ed

by the following equations

mct = −log
(

θ

θ − 1

)
= −µ

mct = wt − αt − ν

where wt is the real wage, αt (log) productivity and ν a subsidy to labor. Solving for the

case with �exible prices, we receive the following set of equations describing the equilibrium
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processes for output, consumption, labor, real interest rate and real exchange rate, given

by:

ynt = ψcc̄t−1 + ψζζ + ψaαt + ψa∗α
∗
t + ψττt + ψτ∗τ

∗
t + ψggt + ψg∗g

∗
t (40)

cnt = ψ̃cc̄t−1+ψζζ+

(
γδ∗ + σ

δ(γ + σ)− γ(1− δ∗)

)
ψααt−

(γ
σ
ψα∗

)
α∗
t−
(γ
σ
ψτ

)
τt−
(γ
σ
ψτ∗
)
τ∗t −

(γ
σ
ψg

)
gt−

(γ
σ
ψg∗
)
g∗t

(41)

lnt = ψ̃cc̄t−1+ψζζ+

(
γ(δ∗(1− σ)− (1− δ))− σ(1− δ)ψα

δ(γ + σ)− γ(1− δ∗)

)
αt−ψa∗α∗

t +ψττt+ψτ∗τ
∗
t +ψggt+ψg∗g

∗
t (42)

rnt =
˜̃
ψcc̄t−1 +

(
(γδ∗+σ)(1−ρa)ψa
κδ(γ+σ)−γ(1−δ∗)

)
αt −

(
γ(1−ρa∗ )ψa∗

κσ

)
α∗
t −

(
γ(1−ρτ )ψτ

κσ

)
τt +

(
γ(1−ρτ∗ )ψτ∗

κσ

)
τ∗t − . . .

. . .−
(
γ(1− ρg)ψg

κσ

)
gt −

(
γ(1− ρg∗)ψg∗

κσ

)
g∗t (43)

5.5 Welfare

The Central Bank sets the interest rate in such a way to minimize a measure of social

loss derived by a second order Taylor expansion of the consumer's utility function as in

Rotemberg and Woodford (1998), Amato and Laubach (2003), Pappa (2004) and Benigno

and Benigno (2006). It is summarized as20

Wt = −1
2
ucC{λ1(yt − ynt )2 + λ2(yt − yt−1)2 + λ3(y

∗
t − y∗nt )2 + λ4(y

∗
t − y∗t−1)2 + . . .

+λ5π
2
H,t + λ6(πH,t − πH,t−1)2 + λ7(π

∗
H,t)

2 + λ8(π
∗
H,t − π∗H,t−1)2 + λ9(qt − qnt )2 + . . .

+λ10(qt − qt−1)2 + λ11(qt + yt)
2 + λ12(qt + y∗t )

2 + λ13(qt−1 + yt)
2 + λ14(qt−1 + y∗t )

2 + . . .

+λ15(yt + y∗t−1)
2 + λ16(yt−1 + y∗t )

2 + λ17(yt−1 − ynt−1)(qt−1 − qnt−1) + . . .

+λ18(y
∗
t−1 − y∗nt−1)(qt−1 − qnt−1) + λ19(yt−1 − ynt−1)(y∗t−1 − y∗nt−1) + . . .

+λ20(c
∗
t−1 − c∗nt−1)(qt−1 − qnt−1) + λ21(ct − cnt )(qt − qnt )}+ t.i.p.+O(||ξ||3) (44)

20The derivation of the loss function is given in detail in the Appendix.
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where the coe�cients λi, i = 1, ..., 21 are functions of the structural parameters and are

de�ned in detail in the appendix.

6 Model Solution

Given the Markov-Switching structure of the model, standard solution techniques can-

not be applied in order to �nd a solution. In the recent literature on Markov-Swithing

DSGE models, various alternative techniques of solving those models have been suggested

(Farmer, Waggoner and Zha, 2011; Farmer, Waggoner and Zha, 2008; Dacig and Leeper,

2007; Svensson and Williams, 2005). The technique I use is that of Farmer, Waggoner

and Zha (2011). The virtue of that technique is that it is able to �nd all possible minimal

state variable (MSV) solutions. Moreover, the algorithm is able to �nd whether the MSV

soltuion is stationary (Mean square stable) in the sense of Costa, Fragoso and Marques

(2004)21. The model can be written in the following state space form

A(st)Xt = B(st)Xt−1 + Ψ(st)εt + Π(st)ηt (45)

whereXt = [yt+1, y
∗
t+1, πt+1, π

∗
t+1, πH,t+1, π

∗
H,t+1, πF,t+1, π

∗
F,t+1, qt, zt+1, Tt+1, Tt, yt, y

∗
t , πH,t, . . .

. . . , π∗H,t, πF,t, π
∗
F,t, qt, zt, T

∗
t+1, T

∗
t , it, i

∗
t εi,t, ε

∗
i∗,t, gt, g

∗
t , υt, υ

∗
t ], εt is a 6× 1 vector of i.i.d. sta-

tionary exogenous shocks and ηt is a 10× 1 vector of endogenous random variables.

According to that technique the MSV equilibrium of the model takes the form

Xt = g1,stXt−1 + g2,stεt (46)

In order for the above minimal state variable solution to be stationary it must be that the

the eigenvalues of

(P ⊗ I302)diag [Γ1 ⊗ Γ1,Γ2 ⊗ Γ2] (47)

where Γj = A(j)Vj for j = 1, 2. And where Vj is a 30 × 20 matrix resulting from the

21For an extensive argument regarding the merits of the solution technique used in this paper over the alternative ones
see Farmer et al. (2011) and the references therein.
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Schur decomposition of A(j)−1B(j). In the present model the largest eigenvalue was

found to be equal to 0.9893, implying, thus, that our MSV solution is stationary. The

impulse responses and the moments of the variables of interest were then derived by that

stationary solution.

7 Parameterization

In this section, the model is simulated so that to explore what regime switching implies

about the dynamic behavior of the key macroeconomic variables. In order to make our

argument clearer the impulse responses of in�ation and output are compared to those

when there is no regime switching, as in Liu et al. (2009). Throughout this section I

assume that it is only the foreign central bank switching regimes. The home central bank

is assumed to (naively) always follow the Taylor rule, independently of what the foreign

central bank does. Therefore, whenever I refer to the hawkish regime, we meen an in�ation

coe�cient in the interest rate rule of the foreign central bank that is greater than one.

Whenever we refer to the dovish regime, we meen an in�ation coe�cient in the interest

rate rule of the foreign country that is less than one.

Since it is only the foreign central bank that switches regimes in its monetary policy I have

to choose four di�erent parameters for its interest rate rule, depending on the regime. The

values assigned are those from the Markov-switching interest rate rule estimated in section

2 (2004)22. That is φ∗π,1 = 1.4562 , φ∗π,2 = 0.3798, φ∗x,1 = 0.5934 , φ∗x,2 = 0.4803. I also

assume some interest rate smoothing with ρ1 = ρ2 = 0.623.

As far as the rest of the parameters in the model are concerned, they are regime

invariant. Those parameters are the subjective discount factor β, the degree of relative

risk aversion σ, the elasticity of substitution between goods produced domestically θ, the

elasticisity of substitution between home and foreign goods ρ, the Frisch elasticity of labor

supply 1/γ, the degree of price stickiness for the home and the foreign country respectively

22I also tried values for the parameters like those estimated by CGG (2000). This combination, though, leads to unstable
minimum state variable solutions. Hence they were ruled out.

23Note that the results presented in this section hold also for ρ1 = ρ2 = 0
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ω and ω∗, the fractions of rule of thumb �rms for each country ζ and ζ∗, the fractions

of rule of thumb consumers 1 − ψ and 1 − ψ∗, the home bias parameters δ and δ∗ and

the coe�cients on the home country interest rate rule φπ, φx and ρi. The values of the

parameters are chosen according to the existing empirical and theoretical literature in

models similar to ours. They are summarized at table 5.

Table 5: Parameter Values

Structural parameters

β 0.99

σ 1.5

θ 10 (Obstfeld & Rogo�, 2000)

ρ 3 (Obstfeld & Rogo�, 2000)

γ 1 (Boivin, Giannoni & Mojon, 2008)

ω = ω∗ 0.9 (Adjemian, Paries & Smets, 2008)

δ = δ∗ 0.7

ζ = ζ∗ 0.5 (Gadzinski & Orlandi, 2004)

ψ 0.4 (Adjemian, Paries & Smets, 2008)

ψ∗ 0.5 (Adjemian, Paries & Smets, 2008)

φπ 1.5

φx 0.5

ρ 0.65

p11 = 0.91 p22 = 0.91

Interest rate weight

λr 0.237 (Amato & Laubach, 2003)

7.1 Impulse responses

To gauge how the possibility of a future switch in foreign monetary a�ects the dynamics

of the domestic macroeconomic variables, I �rst compute the impulse responses following

a one standard deviation shock in monetary policy, demand, productivity in both the

domestic and foreign country. In order, thus, to emphasize the importance of expectation

e�ects, the impulse responses of the regime switching model are compared to those of

35



the constant parameter model24. That is, the impulse responses when there is a non-zero

probability of a change in the regime (red lines) are compared to the absorbing state case

(blue line). In the latter case the way agents form their expectations is much simpler,

because they do not have to incorporate in their expectations the probability of a future

change in regime. On the other hand, when the probability of switching regime in the

future is not zero, expectations are a�ected by the probabilities assigned to each regime.

The comparison, thus, of the impulse responses from those two cases allows us to analyze

the e�ects of regime switching on expectations.

Figure 5: Home and Foreign in�ation responses to a MP shock
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24As already mentioned, by constant parameter, we meen the absorbing state, i.e. when there is a zero probability of
switching to either the dovish or the hawkish regime.
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(b) Foreign CPI
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Notes: The red line impulse responses are from the Markov switching model. The blue line responses are
from the constant parameter model. DMP and FMP refer to a home and a foreign monetary policy
shock respectively. Impulse responses in the hawkish regime are illustrated on the left panel in each
graph. Impulse responses in the dovish regime are illustrated on the right panel in each graph.

In �gure 5 the impulse responses of the CPI rate are plotted for each of the two regimes.

As it is evident, in�ation responses, in both countries are dampened25in the dovish regime

when the probability of a switch to the hawkish regime in the future becomes non zero

(redline) after both a home (MP) and a foreign monetary policy shock (FMP). In�ation

�uctuates at slightly lower levels than in the absorbing state (blue line). This change

in the behavior of in�ation, as the probability of switching to the hawkish regime in the

future increases, is due to the expectations formation e�ect. Agents in both countries

assign a positive probability on the foreign monetary policy becoming hawkish in the

25From now on, I will use the term �stabilizing e�ect� for the case where the e�ects of a shock, as measured by the impulse
responses, are magni�ed, and the term �destabilizing e�ect� when the e�ects of a shock are ampli�ed.
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future, a�ecting, thus, the dynamic behavior of in�ation in the home (and the foreign)

country. Domestic and foreign in�ation are better controled. As far as home in�ation is

concerned, this result is brought about solely, by agents expectations, without any change

in the policy of the home central bank. This is one of the key results in this paper.

Result 1: In the dovish regime, in�ation in the Home country can be better

controled without any intervention from the home Central Bank. This result is

purely expectations driven. It is enough, that agents in the home country assign

a positive probability on the foreign monetary policy becoming hawkish in the

future, while it being currently dovish.

On the other hand, there is an amplifying e�ect on in�ation in the hawkish regime. How-

ever, following a domestic monetary policy shock, the e�ects on either Home or Foreign

in�ation are weaker than those in the dovish regime. In�ation responses in both countries

seem to be slightly ampli�ed. It is evident that the stabilizing e�ect, generated in the

dovish regime, is bigger than the amplifying e�ect, generated in the hawkish regime. This

can be easily observed by looking at the distance between the red and the blue impulse

responses in the hawkish and the dovish regime, respectively. However, as I am showing

later, this does not imply that the overall stabilizing e�ect on either home or foreign in-

�ation is stronger than the amplifying e�ect. The conlusion drawn until here concerns

the two monetary policy shocks only. The dynamics of the model are rich enough and

one cannot derive any inference by focusing only on one shock. In order to make this

point clearer, I compute the changes in volatilities on in�ation and output relative to the

absorbing state, at table 6 below. Note, however, the asymmetry in the responses of in-

�ation in each regime, for both countries. The asymmetry in expectation e�ects causes

this asymmetry in in�ation responses. The asymmetric expectation e�ects arise because

of the existence of the hawkish regime. Additionally, the possibility of a future switch to

that regime helps anchor agent's expectations (Liu et al., 2009).

Similarly, following a foreign monetary policy shock, in�ation respones in both countries
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are ampli�ed in the hawkish regime and dampened in the the dovish regime.

The same reasoning applies to output responses, illustrated in �gure 6. The asymmetric

e�ects on output responses, though, are less pronounced, which is consistent with the

closed economy MSDSGE models. Following a domestic monetary policy shock, home

output response, in the dovish regime, is dampened, as it �uctuates at a lower level than

if foreign monetary policy stayed dovish forever. On the other hand, in the hawkish regime,

its response is slighlty ampli�ed. Foreign output responses are not subject to asymmetric

expectations e�ects.

Figure 6: Output responses to a MP shock
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(b) Foreign output
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Notes: The red line impulse responses are from the Markov switching model. The blue line responses are
from the constant parameter model. DMP and FMP refer to a home and a foreign monetary policy
shock respectively.

Home country's output impulse responses exhibit a pattern similar to those of in�ation.

Following a foreign monetary policy shock, home and foreign output �uctuate less in the

dovish regime for a non zero probability of regime switch, compared to the absorbing

state. Output in either country is clearly less volatile in the dovish regime for a positive

probability of moving to the hawkish regime (red line). The stabilizing e�ect is clearly

stronger. Home output �uctuations are controled better when home agents attach a

positive probability to the foreign monetary policy becoming hawkish in the future, while

being currently dovish. In order to make the comparison better, at table 6 we compute the

volatility of each variable in each regime relative to the absorbing state. Global welfare
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losses are also shown26.

Table 6: In�ation and Output relative volatilities

Inflation Output Global Loss

Home Foreign Global Home Foreign Global

Hawkish 1.0203 1.0485 1.0397 1.0524 1.0154 1.0388 1.0165

Dovish 0.9977 0.9544 0.9624 0.9514 0.9887 0.9689 0.9787

Table 6 shows that there are signi�cant decreases in in�ation and output volatility, relative

to the absorbing state (i.e. no regime switching case), when foreign monetary policy is

dovish. In particular, home country's in�ation is 0.9977 times or 0.23% lower than in

the case where the probability of staying in the dovish regime forever is one. This fall

is larger for the foreign country, 0.9544 times or 4.76% lower. On the other hand, a

positive probability of a switch to the dovish regime increases home in�ation relative to

the absorbing state by 2%, while foreign in�ation is increased by 4.85%. The stabilizing

e�ect, thus, on home in�ation is much smaller than the amplifying e�ect. As for the

foreign in�ation the amplifying e�ect is marginally greater than the stabilizing e�ect.

The amplifying e�ect seems to dominate, marginally, though, in output �uctuations,

as well. In particular, home output is 5.24% more volatile in the hawkish regime relative

to the absorbing state, while it is 4.86% less volatile in the dovish regime. Foreign output

is 1.54% higher more volatile in the hawkish regime and 1.13% less volatile in the dovish

regime.

The interesting result is that both e�ects are greater for home output. The reason for

this is that the home central bank is assumed to follow a time-invariant Taylor rule, which

causes the home real interest rate to be more sensitive to regime changes.

As already shown, a coe�cient on in�ation that is less than one causes foreign in�ation

volatility to increase. But this also implies that the nominal interest rate is not as volatile

as it would otherwise be. That is, in�ation is more sensistive to the various exogenous

26Relative global losses are computed in the same way as relative volatilities. That is, the loss associated with the
Markov-switching model relative to that in the absorbing state.
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shocks hitting the economy, under the dovish regime. Consequently, since the interest rate

is less responsive to in�ation, it will be less volatile relative to what it would have been,

had the coe�cient on in�ation been greater than one. That is why the foreign real interest

rate is less sensitive to regime changes, compared to the home real rate. In fact, the home

real rate is 1.0177 more volatile in the hawkish regime relative to the absorbing state,

while the foreign is 1.0125 times more volatile. The former is 0.9849 times less volatile

in the dovish regime relative to the absorbing state, while the latter is 0.9887 times less

volatile. In other words, the domestic nominal and, hence, real interest rate is a volatility

absorber.

The higher sensitivity of the home real interest rate to regime changes is transimitted

to output. As a result, home output is more sensitive to regime changes as well, which

explains the results illustrated at table 6 for the home and foreign output. That e�ect

questions the appropriateness of a time invariant interest rate rule for the home country27.

Markov-switching closed economy models examine the e�ectiveness of regime switching

monetary policy by looking at the change in volatilities of in�ation and output only. Given

the structure of those models, judging such a policy relying on change in volatility, or on

changes in a welfare maesure leads to the same conclusions. In an open economy model,

as the one in this paper, judging Markov-switching monetary policy by simply looking at

the changes in volatilies on in�ation and output could lead to the wrong conclusions. As

the welfare measure (44) shows the dynamics in the model are far more rich than those in

a closed economy model. Therefore, alternative policies would be better compared based

on an appropriate welfare measure, rather than by observing changes in volatilities of

some variables. I use, thus, the relative changes in the welfare measure (44) as a guide,

in order to �gure out whether Markov-switching monetary policy is bene�cial for both

economies. As is clear in table 6, the relative fall in global welfare loss in the dovish

regime is larger, in absolute terms, than its relative increase in the hawkish regime. In

particular, in the dovish regime, a non-zero probability of a switch to the hawkish regime

27As I am showing in section 8, by solving the dynamic programming probem of the home central bank, it follows that
optimality requires that the coe�cients on in�ation and output be regime sensitive and not time invariant. Changes in
coe�cients, conditional on foreign monetary policy, allow the home central bank to smooth the changes in volatility better,
resulting from regime changes in foreign monetary policy.
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causes global welfare loss to be 0.9787 times or 2.13% lower relative to the absorbing state.

On the other hand, it is 1.0165 times or 1.65% higher relative to the absorbing state, in

the hawkish regime. Therefore, Markov-switching monetary policy is globally bene�cial.

The above arguments can be summarized in the following three results.

Result 2: Markov switching monetary policy in the foreign country generates a

stabilizing (dovish regime) and an amplifying (hawkish regime) e�ect on output

and in�ation. The stabilizing e�ect is weaker than the destabilation e�ect. This

result holds for global output and in�ation, as well.

Result 3: Both the stabilization and the amplifying e�ects are more pornounced

on home than on foreign output.

Result 4: Markov-switching monetary policy is bene�cial, based on a global

welfare measure.

So far I have shown that changes in the volatilities and the impulse responses of key

macroeconomic variables of the home country may be caused by changes in the way mon-

etary policy is conducted in the foreign country only. In �gures 7 and 8 below I show the

simulated paths of in�ation in each country. The model was simulated for 120 periods

allowing for a random date of regime switching in foreign monetary policy. I assumme

that the initial regime is the hawkish one. The regime changing date is 60 (switch to

the dovish regime). For convenienve a green dashed line is drawn on the regime changing

date. In the upper panel in both �gures, along with in�ation in the MSDSGE model (red

line) I plot home (foreign) in�ation, had foreign monetary policy stayed in the hawkish

regime forever (blue line). In the bottom panel in�ation in the MSDGE model (red line)

is compared to in�ation, had foreign monetary policy been always dovish (blue line).
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Figure 7: Home country's in�ation
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As the upper panel in �gure 7 illustrates, in�ation in the home country appears to be

�uctuating within a certain band while still being in regime 1. For a long period in the

regime 1 (until date 60), home in�ation behavior resembles that when there is not any

regime change (blue line). However, from date 60onwards, home in�ation has higher peaks

than it would have, had there not been a change in the foreign monetary policy. The reason

for this is the expectations formation e�ect. As the probability of a future switch in foreign

monetary policy rises, in�ation in the hawkish regime starts to �uctuate at higher levels,

than before. After the regime change date home country's in�ation �uctuates constantly

at higher levels than it would have �uctuated, otherwise. This implies that the home

central should change its policy as well, inorder to eliminated as much as possible the

additional volatility on domestic in�ation.

At the lower panel in �gure 7, in�ation in the MSDGE model (red line) is illustrated

along with in�ation when the dovish regime is the absorbing state (blue line). Home in�a-

tion �uctuates at slightly lower levels than it would have otherwise, had foreign monetary
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policy been always dovish. Comparing the two panels above, it is clear that the destabi-

lizing e�ect is stronger, since in�ation in the MSDGE moves much closer to in�ation when

the dovish regime is the absorbing state than when the hawkish regime is the absorbing

state.

Foreign in�ation exhibits the same pattern, as shown in �gure 8. Not surprisingly, the

expectation e�ect of a regime change is stronger. Foreign in�ation �uctuates at constantly

higher levels for most of the period in regime 1 (i.e. until date 60). As already mentioned,

the reason for this e�ect is the expectation formation e�ect becoming stronger as the

probability of a regime switch increases and as the regime change date approaches. From

date 60 onwards (Regime 2), foreign in�ation keeps �uctuating at constatly higher levels

than otherwise. Again the blue line shows how in�ation �uctuates when the foreign central

bank stays in the hawkish regime forever. The red line shows how in�ation behaves when

the foreign central bank switches from being hawkish to dovish.

Figure 8: Foreign country's in�ation
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8 The Dynamic Programming Problem

So far in the analysis, the parameters in the interest rate rule of the Home country have

been assumed to be naively constant over time, independently of what the foreign moentary

is and have been set arbitrarily, corresponding to the standard Taylor rule suggested by

Taylor (1993). In this section optimized coe�cients are computed. The reason for this,

is to �nd how the Home central bank should react for a given policy rule of the foreign

country. In other words, I am looking for the optimal coe�cients in the interest rate rule

conditional on the coe�cients in the interest rate rule of the foreign country. I am not

interested, thus, in the cooperative allocation as in Benigno and Benigno (2006).

8.1 Formulation

The procedure followed in this section is similar to that in Zampolli (2006). The policy

maker chooses the control it (i.e. the interest rate rule) which minimizes the expected

value of the intertemporal loss function, stated in the previous section and summarized as

∞∑
t=0

βtL(ht, it) (48)

subject to h0, s0 given, and the model describing the economy

ht+1 = A(st+1)ht +B(st+1)it + Cεt+1 t ≥ 0 (49)

where L(ht, it) is the period loss function, β is the discount factor, ht is a 29 × 1 vector

of state variables, it is the control variable (i.e. the interest rate) and εt is a 6× 1 vector

of white noise shocks with varianve covariance matrix Σε and C is a 29× 6 block matrix

spci�ed as

C =

 C11

I



where C11 is a 23× 6 matrix of zeros, I is a 6× 6 identity matrix.
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The loss function, thus, can be conveniently expressed as follows

L(ht, it) = h
′

tRht + itQit (50)

where R is a 29× 29 positive de�nite matrix and Q, in our case, is a scalar. The matrices

A and B, as already mentioned, are stochastic and take on di�erent values depending on

the regime st, t = 1, 2.

8.2 The Bellman equation

The policy maker in a markov switching environment needs to �nd the interest rate rule

that is state-contigent. This rule describes the way that the control variable, the interest

rate, should be set as a function of both the state variables and the regime occuring at date

t. Therefore, as in Zampolli (2006) a Bellman equation is associated with each regime. In

other words, the policy maker solves her minimization problem conditional on the regime.

The regime j dependent Bellman equation is speci�ed, thus, as follows

V (ht, j) = maxit
{
L(ht, it) + βΣ2

i=1pjiEt [V (ht+1, i)]
}

(51)

where V (ht, j) is a function of the state variables ht, the regime prevailing at date t and

represents the continuation value of the optimal dynamic programming problem at t.

The value function for this problem is

V (ht, j) = h
′

tPjht + dj, j = 1, 2 (52)

where Pj is a 29 × 29 symmetric positive semide�nite matric, while di is a scalar. The

optimal policy is given by

47



i(ht, j) = −Fjht, j = 1, 2 (53)

where Fj is a 29× 1 matrix, depending on Pj. That is, matrix Fj speci�es the coe�cients

in the policy rule of the central bank. Those coe�cients are regime speci�c. Maximizing,

thus, the Bellman subject to the constraints, the matrix Fj is speci�ed as

Fj =
(
Q+ βpj1B

′

1PiB1 + βpj2B
′

2PiB2

)−1
β
(
pj1A

′

1PiB1 + pj2A
′

2PiB2

)
(54)

where matrix Pi has been already determined by a set of interelated Riccati equations,

which specify a system with the following form

Pj = R + βpj1A
′
1PiA1 + βpj2A

′
2PiA2 − . . .

−β2
(
pj1A

′

1PiB1 + pj2A
′

2PiB2

)(
Q+ βpj1B

′

1PiB1 + βpj2B
′

2PiB2

)−1 (
pj1B

′

1PiA1 + pj2B
′

2PiA2

)
(55)

8.3 How should home central bank react?

Given foreign monetary policy, I �nd in this section, the optimized coe�cients for the

interest rate rule of the home central bank. That is, the coe�cients on the output gap

and in�ation that minimize welfare conditional on both foreign monetary policy and the

regime the economy stands. Figures 9 and 10 summarize our key results.
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Figure 9: Coe�cients in the hawkish regime
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Figure 10: Coe�cients in the Dovish regime
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The �rst result from the two �gures above is that the home central bank must change

the coe�cients in its interest rate rule as the probabilities of staying in one regime or the

other change. Therefore, it is not optimal to adopt a regime invariant interest rate rule.

The second is that, the weight on in�ation must increase as the probability of switching

to the dovish regime increases. The opposite holds as the probability of switching to the
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hawikish regime increases. In this case the wieght on in�ation falls. On the other hand,

the weight on the output gap seems to change only slightly. Its behavior is similar to that

on in�ation. That is, it rises as the probability of switching to the dovish regime increases,

and falls as the probability of moving to the hawkish regime increases. Hence, I end up

to the follpwing twp results.

Result 4: As the probability of the foreign monetary policy switching to the

dovish regime increases, the home central bank should become more aggressive to

in�ation �uctuations. As the probability of the foreign monetary policy switch-

ing to the hawkish regime increases, the home central bank should become less

aggressive to in�ation �uctuations.

Result 5: The home central bank must attach a weight on in�ation that is

always greater than one. That is, it must be always hawkish. Moreover, it must

even more aggressive to in�ation �uctuations, as the foreign central bank becomes

dovish.

Finally, as a last exercise we compare the welfare losses when the home central bank

optimally changes the coe�cients in its interest rate rule with the case where it naively

allows the coe�cients in its rule to be time invariant28. In this case, the welfare losses and

volatilities are computed relative to those in the baseline calibration (and not to those

in absorbing state). That is, the welfare loss in the hawkish regime is compared to that

which would have resulted had foreign monetary policy been always hawkish. On the other

hand, welfare loss in the dovish regime is compared to that which would have resulted had

foreign monetary policy been always dovish.

28The constant parameters used in this exercise are the ones used in the baseline calibration.
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Table 7: In�ation and Output relative volatilities

Inflation Output Global Loss

Home Foreign Global Home Foreign Global

Hawkish 0.9820 0.8716 0.8740 0.8302 0.9689 0.8598 0.5872

Dovish 0.9939 0.8330 0.8181 0.7614 0.9574 0.8375 0.9499

As the results at table 7 show, there are important gains to both countries when the

home central bank changes its policy over time conditional on foreign monetary policy.

The most signi�cant gains are on global loss in the hawkish regime. It is 0.5872 times

lower relative to its level when the home central bank follows the Taylor rule used in the

baseline calibration, and whose coe�cients are constant over time. Finally, there is a stong

imrovemnt on output volatility in both regime for the home country. This is due to the

aggressive response of the nominal interest rate to in�ation fulctutions in either regime.

This results in a dampened response of output to real interest rate �uctuations in both

regimes.

9 Concluding remarks

Even though existing literature on MSDSGE modelling focuses on closed economy models,

I constructed a two country DSGE model in which foreign monetary switches regimes over

time. I gave further insight regarding the e�ects of regime switching in monetary policy

both domestically and abroad. The assumption that it is only the foreign monetary

policy that switches regimes was introduced after having estimated a SVAR model for the

Eurozone and the US, in which stability tests showed that only the US monetary policy

has changed since the adoption of the common currency. I then esstimated a Markov-

switching interest rate rule for the US. This rule seems to capture the monetary policy

of the US for the last 10 years quite well. In the baseline calibration, home monetary

policy was assumed to be naively time invarient and follow the Taylor rule with some

interest rate smoothing. I made this initial assumption in order to emphasize on the fact

that in�ation volatility may grow over time, even if domestic monetary policy is stable.
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Domestic in�ation was shown to be a�ected both in terms of volatility and in terms of its

response to alternative shocks, the only reason being the regime shitfs in foreign monetary

policy, and, hence, the change in the way the expectations of the private sector are formed.

Foreign monetary policy regime shifts generate a stabilization and an amplifying e�ect on

output and in�ation, both in the foreign and home country. Which e�ect arises depends

on which regime the foreign monetary policy lies in. When the latter is dovish there is a

stabilization e�ect, given a non-zero probability of the foreign monetary policy becoming

hawkish in the future. When foreign monetary policy is hawkish there is an amplifying

e�ect in both countries. Moreover, there seems to be an asymmetry on the size of each

e�ect. In particular, I showed that the stabilizing e�ect is stronger both in the foreign

country as in Davig and Leeper (2007) and Liu et al. (2008) and globally, based on a

welfare measure, derived by a second order approximation of the agents utility function.

Finally, through the solution of the dynamic programming problem of the home central

banker, conditional on foreign monetary policy switching regimes over time, it was shown

that it is optimal for the latter to follow a time varying interest rate rule. The relative

bene�ts of the time varying rule, tend to increase as the degree of endogenous persistence

increases.
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