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Abstract

This paper assesses time variation in monetary policy rulesgtyirmg a TimeVarying Parameter Generalised
Methods of Moments (TVIMM) framework. Using monthly data until December 2022 for five inflation
targeting countries (the UK, Canada, Australia, New Zealand, Sweden) and five countries with alternative
monetaryregimes (theJS, Japan, Denmark, the Eufaoea, Switzerland), we find that monetary policy has
become more averse to inflation and more responsive to the output gap in both sets of auanttiese In
particular,there has beea clear shift in inflatbn targeting countries towards a more hawkish stance on inflation
since the adoption of this regime and a greater response to both inflation and the outpotagdgoiantries after

the global financial crisis, which indicates a stronger reliance ontaryreles to stabilise the economy in recent
years.It also appearthat inflation targetingcountriespay greater attention tthe exchange rate pagsough
channelwhen setting interest ratdsinally, monetary surprises do not seem to be an impattatminant of the
evolution over timef the Taylor rule parameterahich suggests a high degreenmdnetary policytransparency

in the countries under examination.
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1. Introduction
In recent decades,anetaryauthorities inmajor central bankeave managed to achieve low
and stable inflation ratesvhich has beerseenas adirectresultof the adoption ofnonetary
policy rules. Taylor rules appear to explain monetary policy well in inflation targetingtres
(Taylor and Davradakis, 2006a g1 ay an a n;dNeuédnkirchaand TilllBabirl, 20)4
but even central banks which operate alternative monetary regimes are known todllow
timessuch arule to stabilise inflatiorfWwoodford, 2001; Orphanides, 2003; Sauer and Sturm,
2007; SancheRobles and Maza, 2013; Nitschka and Markov, 20H@wever, egardles®f
the type of monetary regime place policymakers and their objectiveanchange over time

and thugheir monetary stanasnalso changéo responceffectively to shocks.

Severalstudies haveecognised thisact andinvestigatedoossible shifts in thparametersf
monetary policy rulg over time Subperiod analysesn this contextprovide evidence for
changing interest rate policids,t tend to focuprimarily onthe US which experienced such
changes during theolckerGreenspan er@udd and Rudebusch, 1998; Clarida et al., 2000;
Orphanides, 2004 while more complexegimeswitching model$iave been usei capture
shiftsin the Taylor rule parameters atherdevelopeds well asemerging economigZheng

et al.,, 2012; Alba and Wang, 201Caporale et al., 20)80ther studies which employ
maximum likelihoodandKalman filteing methodsreportthat timevaryingparametef aylor
rules explainmonetary policybetter thanconstantparameteiones(Kim and Nelson, 2006;
Trecroci and Vassalli, 2010; Yuksel et al., 2D13owever,as Partouche (2007) points out,
Kalman filter methodsare restrictive since they impose constraints on the form of
heteroscedasticityand the correlatits between the disturbances and the regresdues
proposes using instead a versiorhaf Generalised Methods of Moments (GMM)jich allows

for time variation to capture changes in monetary policy rules and applies this framework to

analyse the behavioof the Federal Reserve.

The present papeontributes to this area tife literature by applying the procedure developed
by Partouche (2007) to a greater range of countries with different monetary frameavatks
for an extendedamplancluding recent gsis periodscharacterised bsnonetary policy shifts.
More specifically, it uses @ime-Varying Rarameter Generalised Methods of MoméitgP-
GMM) frameworkas in Partouche (2007) to estimate Taylor ridedive inflation targeting
countriesi.e. the UK Canada, Australia, New Zealand and Sweden. For compausposes

the exercise is also carried out for a set of countries which have instead adopted alternative
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monetary regimes budbllowed a Taylor ruleat times namely the US, JapaBenmark the
Euro Area and SwitzerlandBoth standard and augmented forwérdking time-varying

parameter Taylor rugeare estimated arabsessed againginstant parameter rgle

Thelayout of thepaper ighefollowing: Section 2 reviews the existing literature oa Traylor
rule; Section 3outlines the econometrimethodused;Section 4 discussdbe data andhe
empiricalresults Section Soffers some concluding remarks.

2. Literature Review
Severalmonetary authorite around the world havieeenoperaing an infldion targeting
regimesince the 1990syhile central banks with alternative monetary framewednlave at
times targeted the inflation rate according to a monetary policy Thiewell-known Taylor
rule (Taylor, 1993; Taylor, 1999j)lescribes monetary policgs an interest rate setting
mechanisnto respondo deviations of inflation and output from their targéthas been found
that monetary authorities who follow a Taylor rule experiggreatemacroeconomic stability
(Fregert and Jonung, 2008;a g | ang Astar,20l0Beaudry and RuZhe- Mur ci
et al., 202) Further gidence suggesthat monetary policy can best be described by a Taylor
rule even in countries which did not adopt an inflation targeting framev@rinstancethe
US (Woodford,2001; Orphanides, 20D3the Euro Area (Sauer and Sturm, 200%anchez
Robles and Maza, 20}, Bwitzerland (Nitschka and Markov, 201#hd the seven largest Latin
American countriegMoura and De Carvalho, 20110

In the empirical literatureseveral type®f Taylor ruleshave been estimated usingrious
methodsTheaugmentedaylor rule which includes the real exchange rate in addition to the
inflation and output gapseems t@xplain monetary policy well in open economiBatjni et

al., 2003; Adolfson2007; Aizenman et al., 20}, andforward-looking rules in particulanave
found much support in the literatui@atini and Haldane, 1998endel et al., 2007 Ni kol s k o -
Rzhevskyy, 201l The methods used includ@rdinary Least Squares (OLSYlaximum
Likelihood (ML) and systemmethods(Cochrane, 2011)The seminal paper by Clarida et al.
(1998) wa the first taapplythe GMM frameworko forward-looking Taylorrules its findings
suggesthat monetary policgan beexplainedaccuratelyusing this methoth the case ofhe

G3 (Germany, Japan and the US) amdome extenin that ofthe E3 (the UK, France and
ltaly). Subsequent empiricatudies found that GMMs the mossuitablemethodology taleal



with endogeneity when estimatingpnetary policy rule@-lorens et al., 200%,au, 2010Rhl,
2015.

Otherstudieshaveallowedfor time variation in thélaylor ruleparametersising a variety of
estimation methodsJudd and Rudebusch (1998), for instangerformed a subsample
anal ysi s of teusingPdiddrysLeapt Sduares fOl#hodudund substantial
differences in the parameters between thepmrimdsconsideredClarida et al. (200@ssessed
forward-looking Taylor rules in a GMM framewomkndrepored significantmonetary policy
regime shifs for the Fed during the Volck&reenspan er&imilar resultsvere obtaired by
Orphanides (2004yhenincluding realtime informationin the modelMcCulloch (2007) usg
an Adaptive Least Squares approach and cogfipnevious findings thathe parametrs in
the US Taylor rule are not consta@onrad and Eife (2012)erformedrolling window
regressions to obtain timarying parameter estimates of the Taylor rule reaction function for
theFed their findings als@xplainng changes in the US inflatiegap persistenc®apadamou
et al. 018 applied theGMM methodto conduct susample analysifr a period including
the global inancialcrisisand bund evidencefs ub st ant i al asymmetri es i
function. Orphanides and Williams (2005)@pted a timevarying parameter VAR (Vector
Autoregressiveframeworkand found that the model provide a good description of US
monetary policy. Similar results were obtained by Sims and Zha (2006) employed a
structural VAR model with tim&arying parametersSeveralstudieshave modelledime
variation by usingegimeswitchingmodels.Caporale et al.2018, for instance, estimade
augmentedraylor rules for selected emerging economies by uaifigreshold GMM, which
seems to captureell the behaiour of central bank in those countriedarkov-switchingand
Smooth Transitiomapplicationsalso provideample evidence foparameter shiftsn the
monetary policy ruléor variousdeveloped and emerging econonfiésrruchoud, 200%lcidi
et al., 2011Zheng et al., 2012Alba and Wang, 2017)

More recent studiesmploya Kalman filtering approach tmodelpolicy shifts and structural
changes in the Taylor rul&recroci and Vassalli (201@pund thatatime-varying parameter
specificationusing the Kalman filter outperforns the constant parameter obg capturing
changesn themonetary policy ruldor the US, thaJK, Germany, France arithly. Yuksel et
al. (2013) apped the extended Kalman filter to estimate thverying parameters in the
monetarypolicy rulein the case of Turkeyand bund that tis specificatioroutperforms the

standard onéor the central bank reaction functioBoivin (2006) usd the Kalman filter to
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estimatea likelihood functiorfor the US anddundevidenceof gradual changein the Taylor
rule parameters. Using a tvabep maximum likelihoodnethod, Kim and Nelson (2006)
showed that US monetary policy can béassified according tohree distinct periods with
different Taylor rule parameters rather thlatwo identified previously.

Althoughthe abovementioned studmsggesthattheKalman filtercapturesgradualvariations

in the Taylor rule better tharonstanfparameter modelshis approactsuffers from a major
drawback sinceit imposes constraints on the form of re¥bscedasticity of the error terifo
address this issue, Partouche (2007) developgdMa framework with time-varying
parametesto assesparameter shifts the monetary policy rule. Thmodel has the advantage
thatit is robust to heteroscedasticitynlike Kalman filtering approachesand is applied in the

present study to carry out the empirical analysis.

3. Empirical Framework
3.1 The Taylor Rule
Taylor (1993 1998 proposes the following monetary ruedapture the behaviour of a central
bank:

"Q “ (I) “ I (LIb ‘l p

where'Qis the policy rate;; is the inflation ratend” the inflation targete is the output gap,
i.e. the deviatin of real GDP from target, andis the equilibrium reahterest rateThe size
of the parametergyand®indicates the e n t r a tegreeaohirklatien aversiofnigher)
compared to unemployment aversiigherc), andwere originally st equal tqp® andT®

respectivelyin Taylor (1998)

The empiical Taylor rule estimatkin this paper is a forwarlboking one of the following

form:



where"Qis the interestate set by the central lg andi [is theequilibriumrealinterest rate
which is unobservedndis measured by the constamthe regressioas in most studie®.g.,
Razzak, 2003Adanur Aklan and Nargelecekenler, 20@:Ike and Klose, 200Qudd and
Rudebusch2020) “ andw are theQperiod ahead forecasts of inflation and the output
gap respectivelyandé is an error terminstead of contemporaneous or lagged values of the
variables, we include proxies for forecasésed on the-Bonth lead auwage for the inflation
rate and the output gafince backwartboking specifications of the Taylor rule have been
rejected in favour of forwartboking ones, the above shoutdpture monetary policsnore

accurately (Clarida et al., 1998).

The Taylor ruk given byequation (2) is suitable for closed economieswever, n open
economies monetary policy can be influenced by the behaviour ofréla¢ exchange rate
which has been considered in several studies (Svensson,&f@rale et al., 2018 iryaki

et al., 2018 Therefore, v alsoestimate the followingugmented Taylor rule

Q il - o e 0

where is the brwardlooking real effective exchange ratd/e use the Generalised

Methods of MomentéGMM) framework to estimate the Taylor rules in equatiansand o .

3.2 The Constant Parameter GMM

The Generalised Methods of Momer{GMM) is a semiparametric fram@rk which is a
suitable altemative toOrdinary Least Squard®LS) approaches cases where the error term
is correlated with the regressors. Tigslikely to happenn forwardlooking models which
include(expectedlfuture rather than contemporanewatues of the regressothesearethen
correlated with theexpectational errors usually contained in the error téfaylor and
Davradakis, 2006)

Theestimation of &GMM model with constanparameters follows a twastep procedure as
outlined in Clarida et al. (2000)Let & denotea vector offy instrumentswhich satisfy the

orthogonality conditiorD 06 1. The GMM framework with an optimal weighting matrix



“Yaccounts for any possible serial correlatiorthe error termb . The weghting matrix™Y

depends on the population momeautsl themodelparameters :

wherew stands fothe endogenous variable in the mofielour case the policy rateanda

for the explanatory variablefhe moment conditions in the stafi@@rametecaseare

Ow a1s0 m O w Q1 © 11 v

For cases where the number of instrumenis exceeds the number of parameters
overidentifying restrictions need to be imposéte use the Sargan Test (Sargan, 1¥53IR
the validity of the instruments in the overidentified caSaence tlis method requires all
variables to be stationary, warry ou unit roottests forall of them specificallythe Dickey
Fuller Generalised Least Sqaa DF-GLS) testthe Zivot andAndrews(1992)testallowing
for a break in the intercept and/or the treadd the Lee antrazicidh (2003)Lagrange

Multiplier testallowing for a structural break under both the null and the alternagipethesis

To detect the possiblpresence of tim@ariation, one can estimate the first instancea
constant coefficient GMM modébr some suitably identifiedubsampls. This is often done
in the literature gee,e.g.,Orphanides, 20Q04Papadamou et al., 201® distinguishbetwveen
periods characterised by different policy reginkeglowing this approachye split the sample
into subperiods firstdoing visual inspectionf the inflation and policy rate serigsdetermine
thebreak pointsand next applying a more rigorous method, narfedy 6 nst@ictural break
testdeveloped byAndrews(1993) to detect th@&inknown break points.

3.3 A GMM Model with Time-Varying Parameters

While subperiod analyss can provide some evidence @me-variation in the Taylor rule
parametersthechoice ofthe break date could be arbitraryand thesubperiods too shotfior
reliable statistical inferenc&urthermore, tis approach can dn capturediscreteparameter

shifts. By contrast, the methosliggested by Partouche (20@Hpws for gradually evolving



parameters within a GMM framewar&pecifically, he minimisation problem iaquation t

can be writteras followsusing theLagrang Multiplier:

c=r P W v ey P _ . P S
INEHI ~ W a1 Y"Y W a7 w o YY 'YW (0]
with the underlying statistical model:
|'v(b d(] O
OwL T
T Q X
rQ 0 T

where'Y is the Lagrange Multiplieand0 is the covariance matrix of the innovation of the
time-varying coefficient vectdr . Note that « P P P isassumed to follow a

random walkThe correspondingnoment conditions in the tiraearying case are:

Ow a7 sO m O w &1 & ™

where the subsipt 0 denotes the timgarying element.

Theproblem in equationp can besolvedusing norparametric smoothing splinegther than
the semiparametric constant parameter GM@taven and Wahba, 1978his methodallows
to carry out thestimation indpendenly of a specificstatistical modelThe values ofY and™Y

arethenchosen so as tbtain the estimasawith the lowes mean squared error (MSE)

Modelling time variation in the parameters of the GMM direstly moreflexible methodhan
subperiod analysisand it des not facéhe issue ofhesmallnumbers of observationgthin
subperiods Unlike the Kalman filtering approach suggestedioy and Nelson (2006yvhich
requires assuming a specifierm of heteroscedasticityhe timevarying parametetGMM
frameworkis robust tothe type ofheteroscedasticitin the errors To deal with possible

autocorrelation, Stock and Wats (1998) suggesising an autoregressive filtewhilst the
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endogeneity problencan be addressed by usitige median unbiased estimat calculation
developed by Stock and Watson (1998)

Partouche (200 ecommends checkirrgbustness with respect to the covariance matrix

—0. In particular, inthe TVRGMM mode| the variance of the innovatiofsis constrained

to be diagonal. Following Partoucl{2007) we redo the estimation after removing this
restriction. Finally, a an additional robustness tese alsoestimate timevarying parameters
in a backwardooking version of the standard and augresl Taylor rules by enterinbefirst

lags of the regressars

4. Data and Empirical Results

4.1 Data Description

We estimate the Taylor rulr countries which adopted an inflation targeting regime in the
early 1990snamelythe UK, Canada, Australia,eW Zealand and Swedgaas well ador a set

of countries with alternative monetary n@g@swhich, howeverhave at times followed a policy
rule, more precisely, the US, JapBenmarkthe EurcArea and Switzerlande use monthly
data fromJanuary 198%p until December 202%or all countries except the Eukrea, for

which data are only available frodanuary 1999

TheConsumer Price Inflation (CPseries have been obtainkedm the Bank for International
Settlement$BIS) Consumer Pricedatasetfor all countriesand usedo construct the inflation
gap? The interest rate series is the central bank policy rate wlaistbeen takefnom the BIS
Central Bank Policy Rates datas€he outputseriesis the Organisation for Economic Co
operation and Deveponent (OECD)Normalised Gross Domestic Product (GD$®ries
obtained fromthe Federal Reserve Bank of St Louis Economic Database (FRHEIR).
Hodrick-Prescott filteris used ¢ estimate the output gdprhe real effective exchange rate

serieshave beemetrievedfrom the BISEffective ExchangeRateNarrow Indices dataset.

I The samplgeriodincludesin thecase ofnflation targeting countries the point whiitis monetary regimeas
adopted and for all countries several periods characterised by economic turbulence and ur(sexthiaty the
globalfinancial crisisthe Covid19 pandemic and the Russikkraine conflic).

2 Theexactinflation targets are obtained from the websites of the central banks investigated in this paper.
3 The filterallows to split output into a trend and a cyclical component.
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Figure 1 — Inflation and Policy Rates
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Wealsoobtainfrom Bloombergcental bank announcements together with forecasts of interest
rate decisiosg; thisallows us toestablishwhether an announcement included an unexpected
componentY, which is the difference between what the central laamiounce (0 ) and what

the market expeet "O,i.e.”Y 0  "O. Avalue of 'Y which is different from zermdicates

that the central banis implementingstrongermonetary policy measurdélananticipated by

the market Details regarding the announcement dates for all countries are included in
Appendix A.This information helpgo interpret the wlution of the Taylor rule parameters
over time.As instrumentsn bah the constant and the tirvarying parameter GMNnodels

we use a constant and the first, third, sixth and twelfth lag of the interest rate, the inflation rate
and the output gap to estimate the standard Taylor rule as in equatioand forthe
augmengd Taylor rule as in equatiomw we includethe first, third, sixth and twelfth lag of

the real effective exchange rate as additional instruments.

Figure 1 plots the inflation and interest rate series for each country over time. Vertical lines
correspod to the mairshifts in monetary policy. For inflation targeting countries, this includes
the point when the inflation targeting regime was officially adopted, but also turning points
when the attitude towards inflation changedor instance,immediately after theglobal
financial crisis when several countriggsorted tainconventional monetary policies, such as
guantitative easing and forward guidan€er countries with alternative monetary policy
regimes the vertical lines indicate points in time whi@nrespective central banks began to
useactively a monetary policy rule to target the inflation rate. Monetary policy appears to have
been contractionary in almost all countries up until the global financial crisis, when it became
more accommodatg. Naticeable changes in inflation and policy rate behaviour occurred also
as aresult othe recent Covid 9 pandemic. Hoewver, a split of the full sample into subsamples
around theseéateswould result in insufficient data points to allow for meaningfiatstical

inference.

Before starting theempirical estimation we test for stationarity of the individual time series
since this is a requirement of the GMM model. Table 1 reports the results of the three unit roots
testswe carry out The DRGLS and the Leand Strazicich tests indicate that sdiries are
stationary except the real effective exchange oass, which are integrated of order I@nd
therefore are entered into the model in first differences; howéwverZivotAndrews test
implies that in sme cases the policy and inflation rates are also integrated of order I(1).
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Table 1. DF-GLS, Zivot-Andrews (ZA) and Lee and Strazicich (LS) Unit Root Test Results for the Individual Series

pee. | Y. e |
DF-GLS ZA LS DF-GLS ZA LS
United Kingdom -3.237** -2.309 -5.901*** -4.898*** -9.377** -9.765**
Canada -3.784*** -3.750 -5.720%** -4.680*** -9.153*** -9.381***
Australia -5.122%+* -2.897 -6.236%** -7.502%** -7.449%+* -12.754***
New Zealand -3.552%*+* -2.878 -5.609*** -5.025%** -11.443% -12.821%**
Sweden -3.361** -3.815 -5.442*** -11.95] *** -12.285*** -12.383***
United States -3.084** -2.644 -4.613** -11.670** -9.807*** -5.330***
Japan -3.889*** -4.797** -4.238** -11.415%* -17.70@** -25.812***
Denmark -3.303** -2.892 -4.291* -4.072%* -17.387** -17.154**=
Eurc-Area -3.168** -1.112 -5.170*** -10.758*** -17.847*** -17.662***
Switzerland -3.291** -3.040 -3.002 -6.561*** -17.647** -11.876***
(P Ye <
DF-GLS ZA LS DF-GLS ZA LS
United Kingdom -5.112%** -6.114*** -5.528*** -6.681*** -11.990*** -6.509***
Canada -5.246*** -5.331%* -5.233%+* -10.136** -10.298** -10.083***
Australia -5.248*** -5.214*** -5.328*** -4.590*** -10.628** -10.636***
New Zealand -3.323** -6.430*** -4.537** -6.580%*** -9.602%+* -8.915%+*
Sweden -5.970*** -4.453** -5.558*+* -6.235%+* -7.350%** -6.350***
United States -5.431*** -5.707*** -5.317*** -7.660*** -9.544*** -9.598***
Japan -5.560*** -5.240%** -5.606** -6.038*** -7.859%** -7.312%*
Denmark -4.154*** -6.070*** -4, 742%** -7.203*** -8.891*** -7.348***
Euro-Area -3.802*** -4.425%* -4.465** -11.715%* -12.067*** -12.458***
Switzerland -5.185*** -4.845** -4.447** -6.443*** -10.743*** -6.799***
Z < YZ 4
DF-GLS ZA LS DF-GLS ZA LS
United Kingdom -3.160** -4.166 -4.832%+* -8.709*** -12.397* -9.160***
Canada -5.141%** -4.501** -6.807*** -8.140*** -10.373** -8.676***
Australia -3.327** -3.889 -4.004** -5.589*** -21.285*** -21.347***
New Zealand -3.792%** -3.519 -3.664 -6.394*** -21.294%** -6.543***
Sweden -3.504*** -4.425** -3.681 -5.597*** -11.695*** -11.699***
United States -4.084*** -5.801*** -5.406%** -8.079*** -12.165** -7.890***
Japan -4.951*** -6.672*** -5.085*** -14.245%* -13.612*** -13.428***
Denmark -3.220** -2.831 -4.125** -5.466*** -12.765*** -13.028***
Euro-Area -3.005** -3.265 -4.830%** -4.675%* -6.995%* -16.790***
Switzerland -3.495*** -5.127** -4.704*** -12.045** -12.?16*** -12.760%**
A, Y Aq
DF-GLS ZA LS DF-GLS ZA LS
United Kingdom -2.562 -3.471 -3.731 -5.537*** -11.066*** -11.305***
Canada -1.750 -2.109 -2.431 -3.5649*** -9.366*** -9.779**
Australia -1.561 -2.929 -3.140 -5.646*** -14.709*** -13.304***
New Zealand -2.342 -3.423 -3.164 -4.776%* -11.665** -6.628***
Sweden -2.739 -3.505 -4.002** -3.601*** -13.746%* -14.352***
United States -0.605 -3.968 -2.650 -5.883*** -14.439** -13.586***
Japan -1.569 -3.716 -3.707 -3.841*** -10.356*** -10.539***
Denmark -1.681 -4.322 -4.837** -3.257* -14.710%* -14.780***
Euro-Area -2.331 -4.248 -2.817 -3.135* -12.069** -12.225%**
Switzerland -2.708 -3.264 -3.425 -3.881*** -11.722*** -11.796***
DF-GLS Test hypothesis: Zivot-Andrews Test hypothesis: Lee and Strazicich Test hypothesis:
0d QI BOE O DDNEVE £ 0 'Od QI BOE O GNE Q8 £ 0 Od Qi DOE o GIE Q8 £ O
'Od Q1 VOO 0o QE & Ol & 0 TWwodl QOQ 0 LT Q6 Qi

'0df Qi VQKE ¢ OITAHOT Qd 'Od Q1 Qb GO "QH K O

This is not an uncommon findingeverthelessmany authors, such as Clarida et al. (1998,

2000), treat the policy rate and in some cases also the inflation rate as stationary, which they
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view as a reasonable assumption to estimate the Taylor rules without too much information
loss fromdifferencing. For this reason, and given the fact that the majority of the unit root tests

we employ suggest that both these variables are stationary, we also treat them as such.

4.2 Results for the Constant Parameter Taylor Rule

For a start weestimatethe standard and augmented Taylor rules using the constant parameter
GMM for the entire sampland repd the results in Tabl2for all countries. On first inspection

one can note thdhe coefficients on the inflatioand outpugap arenot particularlyclose to

the valus of 1.5 and 0.5 suggeddeby Taylor (998. Theinflation gap parametenange
betweenl.09 and 2.23&ndthe output gajpnesbetweerD.32 and 0.8%or the countries in our
sample The real effective exchange rateluded inthe augmentd Taylorrule seemso play

an important role malwn in the case of Australia and Sweden, whil is less relevant in the

other cases.

No significantdifferencesemergein the Taylor rule parameters between inflation targeting
countries and those whi@ddopted an alternative monetary regime instead. For the US, the
coefficients are higher than those reportegdyeprevious studiesuch a®sterholm(2005
andCastro(2011), butvery close to those estimated for {hest1982 periodby Silva et al.
(2021). They also seem to be higher for the case of Australia and Swedwgrared, for
instance, to those i@sterholm(2005), while for the UK, New Zealand and the Efrea the
arelower than those reported in the previous literature (Castro, 2011; KandaNg, 2013),

althoughfor sample periods rather different from that of the present study.

Next we perform sufperiod analysis foboth types offaylor rules. At first, thesample is split

into two subsamples for each country according to breakdaes identified fromvisual
inspecion of the series and corresponding to the main policy shift in each country (see
Appendix B for details); note that creating more ssdmples would make the inference
unreliable owing to the small number of observatioresich cas@.able3 reports theeresults.

The parameters seem to have chargigdificanty in most countries. More specifically, the
inflation gap coefficients are lower in both spériods than the fubampleonesand now range
between 0.38 and 1.3@nhilst the output gap coefficientre maity insignificant and rang
betweer0.10and0.89.
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Table 2. Constant Parameter GMM Results for the Full Sample

ir . . . Sargan Test
17817 1.3449" 03187 -
Standard 0.2586
United Kinadom andar (0.1458) (0.2647) (0.1471) -
d amented |_0-9997% 1.1259% 0.3089 0.0160 04285
9 (0.0176) (0.2858) (0.1290 (0.0011) :
1.7536" 1.6404% 0.8117% -
Standard 0.3287
Canada andar (0.1705) (0.2786) (0.1955) -
oamontad | 514367 1.6239% 0.3265* -0.0310 07383
9 (L.1107) (0.2271) (0.1621) (0.0100) '
1.1849" 046717 0.5258+ -
Australia Standard (0.2116) (0.0916) (0.1879) - 0.2053
amonted | 162687 0.5487% 0.7800% 05349 07075
9 (0.1150) (0.1151) (0.2571) (0.1901) :
3.7458 0.7886 0.8215 -
Standard 0.1376
New Zealand andar (0.0797) (0.0540) (0.2890) -
amented | L4981 0.6428 0.4049 20.0411 04302
g (0.0799) (0.1156) (0.1406) (0.0087) '
0.7525% 144155 0.5082% -
101
Sweden Standard 5 1766) (0.3284) (0.2123) : 01915
20.8318" 1.1042% 0.2045+ 0.14415
Augmented 0.6648
(0.0231) (0.3811) (0.1476) (0.0159)
1.3516% 22289 0.5012 -
Standard 0.6254
United States andar (0.1988) (0.4419) (0.3146) -
omenteq | L205" 1.6267 0.783" 202621 03776
9 (0.182)) (0.3629 (03412 (06842 '
04518 1.6097% 1.1090% -
Standard 0.1039
oo andar (0.2183) (0.1336) (0.1685) -
P amented | 049" 1.5800% 1.0321 0.0914 02314
9 (0.2173) (0.1547) (0.1914) (0.1656) '
0.7385" 0.9078" 0.0561 -
1074
Senmark Standad (0.0858) (0.0787) (0.1368) - 0.10
amented | 071207 0.9028 0.0675 0.5901 0.2607
g (0.0876) (0.0979) (0.1366) (0.4862) '
0.8326" 1.2938" 0.2584 -
Standard 0.2239
EuroArea andar (0.3573) (0.1946) (0.1995) -
uamented |__-2037 1.0908* 0.54127 0.0142 03700
9 (2.4212) (0.2351) (0.1664) (0.0216) '
226137 14127 0.4490% -
Switrerland Standard (0.3257) (0.0772) (0.2271) - 0.2548
wamented 583767 1.2209%* 0.3293% 0.0408* 03416
g (1.6809) (0.0965) (0.1376) (0.0200) '

Standard errors in parentheses. The regression specification for the standard Taylor rule is that in equatide the
specification for the extended Taylor rule is that in equatmn Overidentification restrictions aredted using the Sargan
Test with probabilities reported.

In subperiod I, which includes the time period at least up untilgliebal financial crisis for

all countries, monetarguthorities appear to be rather responsive to inflateayardless othe

type of monetary regima place In subperiod Il, whichincludes the postinancial crisis

period, the inflation aversion of all central banks seems to have decreased. In sorfteeases

UK, New Zealand, Sweden, Japan and the Puea) the Taylor ruleestimates indicate lower
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responsiveness to output and inflation changes in the paftedtheglobal financial crisis
which has beerirequently characterised byinconventional monetary policiend during
which countries not identifiyng themselves asflation targetergJapan, Denmark, the Euro
Area and Switzerlandjavecuttheir policy ratebelow zero, theoefficient on the real interest

ratebecomingnegative.

Table 3. Constant Parameter GMM Results with Sub-period Comparison with Visual Break Point Determination

Subperiod ir . . . Sargan Test
Standard 1985:12009:2 | 2.0280*** 0.4263*+* 0.1127*+* - 0.2844
United 2009:3-2022:12 | 0.6623*** 0.0862 0.0650 - 0.7460
Kingdom Augmented 1985:12009:2 | 4.6656*** 0.4702%+* 0.0717 0.0229*+* 0.5581
2009:3-2022:12 2.8348* 0.2325 0.1497*+* 0.0190 0.7193
Standard 1985:132009:2 | 1.8616*** 0.6037*** 0.0509 - 0.1620
Canada 2009:3-2022:12 | 0.6192*** 0.5930*+* 0.0836 - 0.3777
Augmented 1985:12009:2 0.5029 0.5208*** 0.0321 0.0118*** 0.4692
2009:3-2022:12 | 4.1342** 0.5520%*** 0.0286 0.0323*** 0.4857
Standard 1985:12009:2 | 2.0076*** 0.3780*** 0.2499*+* - 0.2052
Australia 2009:3-2022:12 | 0.7704** 1.1906*** 0.0230 - 0.2832
Augmented 1985:12009:2 | 1.8081*** 0.3838*** 0.2431*+* 0.0668 0.2618
2009:3-2022:12 | 0.9820** 1.2566*** 0.3153 0.7365** 0.3400
Standard 1985:12009:2 | 3.1846*** 1.0709** 0.8930*** - 0.0965
New 2009:3-2022:12 | 2.8008*** 0.1379 0.7645 - 0.8410
Zealand Augmented 1985:1-2009:2 1.2420 0.4684*+* 0.0240 0.0088 0.88%
2009:3-2022:12 1.7630 0.0590 0.4561 0.0089 0.5553
Standard 1985:12009:2 | 1.5008*** 0.5784** 0.0542 - 0.1417
Sweden 2009:3-2022:12 | 1.0279*** 0.2022 0.1024 - 0.2327
Augmented 1985:12009:2 | 1.4921** 0.5959*+* 0.0948 0.4427* 0.7223
2009:3-202212 0.4838 0.2812 0.0279 0.2064 0.6930
Standard 1985:12011:12 | 1.4947** 1.1820*** 0.1888 - 0.4244
United 2012:132022:12 | 1.5057*+* 0.5294** 0.1143 - 0.5105
States Augmented 1985:12011:12 | 1.5077** 1.0574*** 0.2121 0.0537 0.6010
2012:132022:12 | 1.7893*** 0.6971* 1.5594 0.5802 0.6319
Standard 1985:132012:12 | 0.9308*** 1.3223%* 0.4237*+* - 0.0997
Japan 2013:132022:12 | -2.2996*** 0.0026 0.0075 - 0.2347
Augmented 1985:12012:12 | 0.8392** 1.2815%* 0.3707*+* 0.0656 0.2188
2013:1-2022:12 | -2.590** 0.1751* 0.1631 0.0563 0.2583
Standard 1985:12011:10 | 1.2101*** 0.3912%* 0.1010** - 0.2169
Denmark 2011:1322022:12| -0.4845 0.0701 0.0769 - 0.5639
Augmented 1985:132011:10 | 1.2097*+* 0.3874*+* 0.0779 0.0827 0.4267
2011:1:2022:12| -0.5010** 0.0801 0.0744 0.1887 0.8195
Standard 1985:12008:9 | 2.5416*** 0.0962 0.7390*** - 0.1555
EuroArea 2008:16-2022:12| -0.2033 0.4564* 0.1392 - 0.3102
Augmented 1985:12008:9 | 9.2304** 0.4160 0.6263*+* 0.0526*** 0.3172
2008:10-2022:12| -7.6741*** 0.2106 0.0471 0.0764** 0.0590
Standard 1985:12008:9 | 2.8604** 1.2634** 0.0092 - 0.1672
Switzerland 2008:16-2022:12| -0.6278 0.9355* 1.2838** - 0.6628
Augmented 1985:1-2008:9 1.2931 1.2275%* 0.5091*+* 0.0260 0.7134
2008:16-2022:12| -5.7931*** 0.7538* 0.8497* 0.1735%* 0.7452

Standard errors not reportéthe regression specification for the standard Taylor rule is that in equatiomhile the specification
for the extended Taylor rule is that in equation Overidentification restrictions are tedtasing the SarganTest with probabilities
reported.
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Table 4. Constant Parameter GMM Results with Sub-period Comparison using Empirical Break Date Determination for
the Standard Taylor Rule

Subperiod ir . . . Sargan Test
1985:11993:1 2.2361*** 0.2505*** 0.0161 - 0.3343
United 1993:2-2001:10 1.8013** 0.0271 0.0250 - 0.4445
Kingdom 2001:132009:4 1.4783*** 0.0478 0.1779** - 0.8733
2009:5-2022:12 0.8402*** 0.2396 0.2029*** - 0.4861
1985:1-1993:5 2.0727%* 0.2418** 0.0572%* - 0.4189
Canada 1993:6-2001:12 1.6320*** 0.0704 0.0520 - 0.3569
2002:12009:5 1.1086*** 0.1292 0.2637 - 0.3360
2009:6-2022:12 -0.6689*** 0.5731%* 0.1124 - 0.3437
1985:11992:7 2.3979%** 0.2384*** 0.0222 - 0.6969
Australia 1992:8-2011:10 1.7043*** 0.3165*** 0.2143*** - 0.3558
2011:1+2017:4 0.8338*** 0.1504 0.6367* - 0.5852
2017:4-2022:12 -1.3245%* 0.8293*** 0.0361 - 0.5963
1985:131991:11 2.1463*** 0.3904*+* 0.0527 - 0.5399
New Zealand 1991:122009:3 1.7381%* 0.1331* 0.1232* - 0.0760
2009:4-2017:6 0.9488** 0.0111 0.0992 - 0.5653
2017:72022:12 0.1924 0.2911* 0.2320* - 0.6327
1985:11996:10 2.1032%* 0.1880** 0.0603 - 0.5672
Sweden 1996:11-20094 1.3526** 0.0486 0.0219 - 0.4250
20095-2017:6 -0.9833*** 0.2518 0.0010 - 0.1134
2017:72022:12 -5.7824** 2.1897** 1.3284* - 0.7922
1985:12001:12 1.7526** 0.2574%* 0.0593 - 0.0908
United States 2002:1-2009:2 0.6952%** 0.2373* 0.6969*+* - 0.1462
2009:3-2016:2 -2.0770% 0.0036 -0.0004 - 0.9965
2016:3-2022:12 -0.8103** 0.6225** 0.2418 - 0.2650
1985:11995:6 1.0971%* 0.2879* 0.3257** - 0.5752
Japan 1995:72009:9 -1.2144%* 0.5576** 0.0899 - 0.5790
2009:16-2012:3 -3.9960*** 1.6215%* 0.0875 - 0.8121
2012:4-2022:12 -2.3026*** 0.0000 0.0000 - 0.2623
1985:11994:3 2.0977** 0.1860*** 0.0249 - 0.5701
Denmark 1994:4-2003:8 1.0955%+* 0.1659*** 0.2224*** - 0.5623
2003:9-2009:12 1.0107*** 0.1322** 0.2122%* - 0.4953
2010:12022:12 -0.7439** 0.2516 0.1220 - 0.8209
1999:1-2009:6 2.7230%** 0.1093 0.6182*** - 0.4114
EuroArea 2009:72013:1 1.0005** 0.0003 0.0003 - 0.8913
2013:2-2016:5 -0.0115 0.2219* 1.0194**=* - 0.7990
2016:6-2022:12 0.0001 0.0000 0.0000 - 0.9982
1985:131995:12 1.5396** 0.25971 *** 0.0326 - 0.1991
Switzerland 1996:1-2009:9 0.1948*** 0.0786 0.5147** - 0.1953
2009:16-20153 -0.5977** 1.2604*+* 0.6325* - 0.3406
20154-2022:12 -0.2877*** 0.0000 0.0000 - 0.9786

Standard errors not reportékhe regression specification for the standard Taylor rule is that in equatioBveridentification
restrictions are tested using the Sargdrest with probabilities reported.

The above suiperiod analysis idased on break points chog@noughvisual inspection. A
more rigorous approach is followed next by testingsfarctural breakby means othei 6 n O
test by Andrews (1993) and stilig the sample accordingly. The tessultsare reported in
Appendix G while the sukperiodestimates are displayedn Tables4 and5 for the standard

and augmented Taylor rulesespectivelyIn contrast tdhe previous set of results based on
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visual inspection, it noweems that in all countries monetary authorgiested reacting more

strongly toboth inflation and output gagster the global financial crisishdir overall stance

bemmingmore hawkishdllowing the global financial crisis, baggainsome of the subsample

are tooshortfor reliableinference.

Table 5. Constant Parameter GMM Results with Sub-period Comparison using Empirical Break Date Determination for

the Augmented Taylor Rule

Subperiod ir . . . Sargan Test
1985:131993:1 2.9018** 0.3001*** 0.0134 -0.0059 0.4372
United Kinadom 1993:22001:10 2.5147%* 0.1140* 0.0391 -0.0057** 0.5931
d 2001:132009:4 -0.2644 0.0630 0.1707*+* 0.0145 0.7530
2009:5-2022:12 -0.3118 0.0023 0.1603*** -0.0035 0.7480
1985:1+1993:5 -0.2272 0.1934** 0.0204 0.0202*** 0.6209
Canada 1993:6-2001:12 1.4941* 0.0068 0.0398 0.0011 0.4572
2002:1-2009:5 -0.9872 0.2320** 0.1349 0.0164 0.5182
2009:6-2022:12 -3.5234** 0.5210* 0.5010*** 0.0243* 0.5769
1985:1+1992:7 2.2919%+* 0.2278*** 0.0457 -0.0921** 0.8158
Australia 1992:82011:10 1.7122%* 0.1808*** 0.0837 -0.1372%* 0.3540
2011:132017:4 0.7821** 0.1684 0.6608** 0.0362 0.7133
2017:4-2022:12 -1.3385%* 0.8292%* 0.0350 0.0326 0.7557
1985:11991:11 2.2947%* 0.3261*** 0.1552* 0.1058* 0.7625
New Zealand 1991:122009:3 1.7950** 0.0853* 0.0522 0.1686*** 0.1592
2009:4-2017:6 0.9458** 0.0083 0.1074 -0.0014 0.7792
2017:72022:12 -0.4877** 0.6622*** 0.0623 -0.2480 0.7766
1985:1-1996:10 2.0871%* 0.1829*** 0.0201 0.0537 0.5195
Sweden 1996:11:2009:4 1.3498** 0.0340 0.0200 -0.0129 0.6247
2009:52017:6 -0.2821 0.4625 0.3116 0.1121 0.4851
2017:72022:12 -3.650*** 0.5040 3.0061*+* 0.6713 0.8643
1985:132001:12 1.8125** 0.1834** 0.1110*** 0.0355 0.4599
United States 2002:12009:2 0.7984*+* 0.7136*** 0.6590*** 0.2326*** 0.7538
2009:3-2016:2 -2.0794%* 0.0000 0.0000 0.0000 0.9998
2016:3-2022:12 -1.3946** 0.8223*** 0.8764** 0.3810*** 0.8687
1985:11995:6 1.0790*+* 0.2615** 0.2886*** -0.0364 0.6764
Japan 1995:72009:9 -1.2171%* 0.6167* 0.0800 -0.1067 0.7179
P 2009:16-2012:3 -3.6137** 1.1932%* 0.1305 -0.0067 0.8803
2012:4-2022:12 -2.6376*** 0.6658** 0.1707 0.1393 0.6200
1985:11994:3 2.0498*+* 0.1166*** 0.0126 0.0093 0.5842
Denmark 1994:4-2003:8 1.1738** 0.1147* 0.2066*** 0.0904 0.6234
2003:9-2009:12 1.0755** 0.1506** 0.1675*+* 0.9020*** 0.7616
2010:132022:12 -0.7306*** 0.2643 0.0882 0.3958 0.9627
1999:12009:6 8.4953*** 0.3843* 0.6925*+* -0.0512** 0.5977
EuroArea 2009:72013:1 1.0045 0.0001 0.0001 0.0000 0.9757
2013:22016:5 0.4106 0.1705** 1.2498** -0.0051 0.9306
2016:6-2022:12 0.0001 0.0000 0.0000 0.0000 0.9315
1985:11995:12 1.4153** 0.194 1%+ 0.0971* -0.0595 0.3684
Switzerland 1996:12009:9 0.2076** 0.0287 0.5577** -0.1627 0.1877
2009:16-2015:3 1.2990* 0.9524 0.3083 0.2454 0.8284
2015:4-2022:12 -0.2877*** 0.0000 0.0000 0.0000 0.9909

Standard errors not reportélthe regression specification for taegmentedaylor rule is that in equan o .
Overidentification restrictions are tested using the Sargeastiwith probabilities reported.
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The above analysis provides some preliminary evidence about changes ovetliengaylor
rule parametersn the next step we estimate the T@MM modelto shedurtherlight on the

evolution of the parameters in the Taylor rule over the entire time period.

4.3 Results for the Time-varying Parameter Taylor Rule

Figure 2 and 3 displaye timevarying parametersf theforward-looking standardraylor rule
for inflation targeting countries and for those with alternative monetary regespsctively
While some of the parameter shifts coincide withsthsuggested by the structural break
analysis, lhe timevarying approaclidentifies more shiftsthanboth thestructural break tests
or the initial visual inspection.These resultsimply that nost countries have become more
responsiveo bothinflation and the output gap over tima.inflation targeting countrieshe
adoption ofinflation targetingcoincides with arincrease in the inflationoefficient (whichis
particularlysharp in the case dfie UK, Canada and New Zealgnih contrast to the decrease
estimated when doingubperiod analysisbased on visual inspectiohis shift also
correspods to a period ofower inflation and lover interest period in all inflation targeting
countries (see Figure 1).

A second bkarp risean the inflation coefficient occurred after the global financial crisis istmo
countries. It seems thatgardless ofite type of monetary regime, the crisis préatpcentral
banks to put stronger emphasis on inflation and output stabilisAtyaim this coincided with

a shift towards lower inflation and policy ratesall countries(see Figure 1)\which suggest
that the increase emphasis mtargeting inflation in the monetary policy rule was successful in
reducing inflationConsistently witlthe findings by Partouche (2007yraesults indicate that
monetary policy became more countercyclical over tesandicatedby thebiggercoefficient

on the output gap, which is a measure of the business cycle.
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Figure 2 — Time-varying Standard Taylor Rule Parameters for Inflation Targeting Countries
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Figure 3 — Time-varying Standard Taylor Rule Parameters for Non-targeting Countries
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Figure 4 — Time-varying Augmented Taylor Rule Parameters for Inflation Targeting Countries
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Figure 5 — Time-varying Augmented Taylor Rule Parameters for Non-targeting Countries
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The standard Taylor rule is useful to assessetary policy in closed economies, but in open
economies inflation can be intaced by exchange rate changes thrahghexchange rate
passthrough, which is why the real exchange mstteuld also be includad the Taylor rule.

Of thecountries in ouraple only Switzerland and Japame knowrofficially to takethe real
exchange ratato accountwhen setting interest ratdsigures 4 and 5 shothe timevarying
Taylor rule parameters for the forwabking augmented Taylor rule which includes thd rea
exchange rate for inflation targeting and fiargeting countries respeagily. Central banks in

in formerare now found to be more responsive to changes in the inflation as opposed to the
output gap, whilst thosen countries with alternative monetarggimesappear to be less
responsive to eithen the opereconomy caselherefore this evidenceuggest differences
between countries with strict inflation targeting mandates and those with discretionary
monetary flexibilityin the extentto which they t&e into accountthe exchange rate pass

throughin thdr interest rate setting.

Finally, in order tanvestigatethe possible impact omonetary surprisesn the evolution of
the Taylor rule parametersn Appendix Dwe display the lattetogether withvertical bars
corresponhg to interest rateannouncemestwith an unexpected componeint the case of
Denmark, nosuch componeh could be identified in any announcemeAs for the other
countries,in most cases no clear linkage can dsenbetweenunexpeted interest rate
announcemenigndshifts in theTaylor ruleparametes; the exceptions athe UK and Japan,
where the output gap parameterincreases sharply in the aftermath ohexpected
announcemestn 2015, and the USwhere the interest rate andlaiion parametersxhibit a
sizeable decrease and increase respectaftdy the arrival of unexpected announcements
during the financial crisjsin 2008. Overall, the evidence suggesthat central banks
communicate their current and future policy objegs in a timely manneland that their
announcements are consistent with the policy, age result, monetary surprises do not appear

to play a major rolas driversof the Taylor rule parameters.

4.4 Robustness Analysis
Following Partouche (2007), weheck robustnessy allowing the matrix0 to be nor
restricted Theseresultsare reportedn AppendixE andconfirm robustnessespeciallyin the

case of the inflatioand output gaparametes.
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Figure 6 — Time-varying Standard Backward-looking Taylor Rule Parameters for Inflation Targeting Countries
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Figure 7 — Time-varying Standard Backward-looking Taylor Rule Parameters for Non-targeting Countries
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Figure 8 — Time-varying Augmented Backward-looking Taylor Rule Parameters for Inflation Targeting Countries
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Figure 9 — Time-varying Augmented Backward-looking Taylor Rule Parameters for Non-targeting Countries
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Although central banks are known to respond to anticipated inflation instead of past inflation,
as a further robustness check we also estimate backeakicig Taylor rules by including the

first lag of all variables. These additionasults are reported in Figures 6 and 7 for the standard
Taylor rules and in Figures 8 and 9 for the augmented one; compared to the fookard

Taylor rules there are only slight differences in the inflation parameter estimates, particularly
in norttargeting countries. The backwaldoking rules seem to be less suitable to capture
major shifts (such as the introduction of the inflation targeting regime) and display greater

variation in the estimated Taylor rule parameters.

5. Conclusions
This papelassessstime variation in the monetary policy rules of inflation targeting countries
(the UK, Canada, Australia, New Zealand and Swedenptraks with alternative monetary
regimes but known to target inflation at times (the US, Japan, Denmark, the Eurodrea an
Switzerland).Initially, sub-period analysis was conducteding visual inspection as well as
formal break tests to identify thereak dates. Therpllowing Partouche (2007 Time-
VaryingParameter Generalised Methods of MomdmigP-GMM) frameworkwas applied to

estimate timevarying parameters in forwattdoking standard and augmented Taylor rules.

The resultgan be summarisexs follows First monetary policyappears to havgecome more
averse to inflation and more responsive to the output gaptione in bothinflation targeting
and nonrtargetingcountries In the formetthe shift toinflation targetingcoincides with aharp
increase in the inflation coefficient in the Taylor rier both sets of countriegsizedle shift
occurred after # global financial crisis when monetary policy became more accommadati
Second, monetaryogticy has become more countercyclical in all countries over tiwid) an
increased focus on stabilisation policgisce the global financial crisi$hird, thereseem to
be differences between countries with strict inflation targeting mandates and those with
discretionary monetary flexibilityn terms of theextent to which theexchange rate pass
through channel for inflatiors taken into accounthe formerset d countriespaying greater
attention to itFourth the timevarying parameter framewor& more informative than treub
period analysisfor detectingshifts inthe parameters of th€aylor rule.Finally, monetary
surprises do not seem to be an impor@gterminant of their evolution over time, which

suggests a high degree of monetary policy transparency in the countries under exar@nation.
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the whole, our findings provide extensive evidencedbastant parameter Taylor raleannot
capture accuratelyne belaviour of monetary authoritiek particular, tiis clear that, following
the globalfinancial crisis central bank$iave startedo put greater emphasis on inflation and
output stabilisationhe theyinflation targeter®r not
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Appendix A

Central Bank Announcements of Interest Rate Changes and Forecasts

(source: Bloomberg)

Central Bank

Country Date Announcement Market Forecast | Unexpected Element
January 2009 2.00% 2.50% -0.50
. . July 2016 0.50% 0.25% 0.25
United Kingdom ;- h 2020 0.10% 0.75% 20.65
December 2021 0.25% 0.10% 0.15
February 2008 3.50% 3.75% -0.25
September 2008 2.50% 3.00% -0.50
October 2008 2.25% 2.00% 0.25
November 2008 1.50% 1.75% -0.25
April 2009 0.25% 0.50% -0.25
April 2010 0.50% 0.25% 0.25
June 2010 0.75% 0.50% 0.25
July 2010 1.00% 0.75% 0.25
December 2014 0.75% 1.00% -0.25
July 2015 0.50% 0.75% -0.25
October 2016 0.75% 0.50% 0.25
Canada July 2017 1.00% 0.75% 0.25
November 2017 1.25% 1.00% 0.25
May 2018 1.50% 1.25% 0.25
August 2018 1.75% 1.50% 0.25
July 2019 1.25% 1.75% -0.50
September 2019 0.75% 1.75% -1.00
October 2019 0.75% 0.75% -0.50
February 2020 0.25% 0.75% -0.50
January 2022 0.50% 0.25% 0.25
February 2022 1.00% 0.50% 0.50
April 2022 1.50% 1.00% 0.50
June 2022 2.50% 2.25% 0.25
October 2022 3.75% 4.00% -0.25
October 2008 6.00% 6.50% -0.50
November 2008 5.25% 5.50% -0.25
December 2008 4.25% 4.75% -0.50
February 2009 3.25% 4.25% -1.00
March 2009 3.25% 3.00% 0.25
April 2009 3.00% 2.75% 0.25
October 2009 3.25% 3.00% 0.25
February 2010 3.75% 4.00% -0.25
October 2010 4.50% 4.75% -0.25
November 2010 4.75% 4.50% 0.25
Australia November 2011 4.50% 4.75% -0.25
February 2012 4.25% 4.00% 0.25
May 2012 3.75% 4.00% -0.25
June 2012 3.50% 3.75% -0.25
October 2012 3.25% 3.50% -0.25
November 2012 3.25% 3.00% 0.25
May 2013 2.75% 3.00% -0.25
February 2015 2.25% 2.50% -0.25
March 2015 2.25% 2.00% 0.25
May 2016 1.75% 2.00% -0.25
March 2020 0.50% 0.75% -0.25
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May 2022 0.35% 0.25% 0.10

June 2022 0.85% 0.60% 0.25

October 2022 2.60% 2.85% -0.25

July 2008 8.00% 8.25% -0.25

September 2008 7.50% 7.75% -0.25

January 2009 3.50% 4.00% -0.50

March 2009 3.00% 2.75% 0.25

March 2011 2.50% 2.75% -0.25

New Zealand June 2015 3.25% 3.50% -0.25
March 2016 2.25% 2.50% -0.25

August 2019 1.00% 1.25% -0.25

November 2019 1.00% 0.75% 0.25

March 2020 0.25% 1.00% -0.75

August 2021 0.25% 0.50% -0.25

April 2022 1.50% 1.25% 0.25

July 2010 0.50% 0.25% 0.25

September 2010 0.75% 0.50% 0.25

October 2010 1.00% 0.75% 0.25

July 2011 2.00% 1.75% 0.25

September 2012 1.25% 1.50% -0.25

February 2013 1.00% 0.75% 0.25

July 2014 0.25% 0.50% -.025

Sweden October 2014 0.00% 0.10% -0.10
February 2015 -0.10% 0.00% -0.10

April 2015 -0.25% -0.35% -0.10

July 2015 -0.35% -0.25% -0.10

February 2016 -0.50% -0.45% -0.05

December 2018 -0.25% -0.50% 0.25

December 2019 0.00% -0.25% 0.25

April 2022 0.25% 0.00% 0.25

September 2022 1.75% 1.50% 0.25

October 2008 1.50% 2.00% -0.50

United States December 2009 0.25% 0.50% -0.25
April 2020 1.25% 1.75% -0.50

June 2022 1.75% 1.50% 0.25

November 2008 3.75% 4.25% -0.50

January 2009 2.50% 2.75% -0.25

May 2009 1.25% 1.00% 0.25

November 2011 1.25% 1.50% -0.25

Japan November 2013 0.25% 0.50% -0.25
June 2014 0.15% 0.10% 0.05

September 2014 0.05% 0.15% -0.10

March 2016 0.00% 0.05% -0.05

July 2022 0.50% 0.25% 0.25

October 2008 3.75% 4.25% -0.50

December 2008 2.50% 2.75% -0.25

April 2009 1.25% 1.00% 0.25

November 2011 1.25% 1.50% -0.25

Euro-Area November 2013 0.25% 0.50% -0.25
June 2014 0.15% 0.10% 0.05

September 2014 0.05% 0.15% -0.10

March 2016 0.00% 0.05% -0.05

August 2022 0.50% 0.25% 0.25

December 2014 -0.25% 0.00% -0.25

January 2015 -0.75% -0.25% -0.50

Switzerland June 2022 -0.25% -0.75% 0.50
September 2022 0.50% -0.25% 0.75

December 2022 1.00% 0.50% 0.50
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Appendix B

Policy shifts corresponding to the breaks identified through visual inspection

Country Policy Shift | Date Policy Shift 11 Date Policy Shift 111 | Date
United Adoption of October | Move tovardsZero | March End of Low April
Kingdom Inflation Targeting | 1992 Lower Bound 2009 Inflation Era 2021
Canada Adoption of February | Move towards Zero| March End of Low April
Inflation Targeting | 1991 Lower Bound 2009 Inflation Era 2021
Australia Adoption of June 1993 Utilisation of March End of Low April
Inflation Targeting Unconventional 2009 Inflation Era 2021
Policies
New Adoption of December| Utilisation of March End of Low April
Zealand Inflation Targeting | 1989 Unconventional 2009 Inflation Era 2021
Policies
Sweden Adoption of January | Move towards Zero| March End of Low April
Inflation Targeting | 1993 Lower Bound 2009 Inflation Era 2021
United End of Greenspan | February | Start of Inflation January End of Low April
States Era 2006 Targeting 2012 Inflation Era 2021
Japan Start of Higher July 1991 | Start of Inflation January End of Low April
Liquidity Era Targeting 2013 Inflation Era 2021
Denmark Start of Higher August Move towards Zero November | End of Low April
Liquidity Era 1993 Lower Bound 2011 Inflation Era 2021
Euro-Area - - Move towards Zerg October End of Low April
Lower Bound 2008 Inflation Era 2021
Switzerland | Mediumterm January | Move towards Zerg October End of Low April
inflation targeting | 2000 Lower Bound 2008 Inflation Era 2021
Several periods of changing monetary policies are not accountedtifier abovesuch as the ERMrisisandvarious
exchange rateelated shocks
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Appendix C

Break dates identified by means of the supF test

Country Break Date | Break Date Il Break Date 11l | Break Date IV | VO maFgst
p-value

United Kingdom | January 1993 October 2001 April 2009 October 2016 0.0006***
Canada May 1993 December 2001 | May 2009 May 2017 0.0000***
Australia July 1992 October 2011 April 2017 0.0000***
New Zealand November 1991 | March 2009 June 2017 0.0000***
Sweden October 1996 April 2009 June 2017 0.0146**

United States December 2001 | February 200 February 2016 0.0002***
Japan June 1995 September 2009 | March 2012 0.0000***
Denmark March 1994 August 2003 December 2009| June 2015 0.0002***
Euro-Area June 2009 January 2013 May 2016 0.0263**

Switzerland December 1995 | September 2009 | March 2015 0.0002***
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Appendix D

Figure D1 — Time-varying Standard Taylor Rule Parameters for Inflation Targeting Countries Including Unexpected

ir

Announcements

UK

]
.y <
- 8]
/-\ /‘
o \/\/ M ]
N =
m | \qf/
2]
~] -]
m
] 2] ol
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020
Canada
x| © |
o
¢ 1y
ol I
2 1]
o ]
¥
N 3
N ha A 29
8| H - A
- @ <
o
g
@ & o
<1 @1
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020
Australia
24 o @l
‘e T o
o] ] | L
ol s
] -]
-] ]
]
] o] ol
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020
New Zealand
- <
| A | o | Nl
o o
Ni | \F’/
@
= o~
«,
o]
~ | |
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020
Sweden
<
h: o] N
N
< |
o]
- | H
—1 RE
]
|+ [} Il
M & f
]
< - @A
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020

40




Figure D2 — Time-varying Standard Taylor Rule Parameters for Non-targeting Countries Including Unexpected

Announcements
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Figure D3 — Time-varying Augmented Taylor Rule Parameters for Inflation Targeting Countries Including Unexpected Announcements
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Figure D4 — Time-varying Augmented Taylor Rule Parameters for Non-targeting Countries Including Unexpected Announcements
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Appendix E

Robustness with respect to 0

Figure E1. Standard Taylor Rule Parameters in Inflation Targeting Countries
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Figure E2. Standard Taylor Rule Parameters in Non-Targeting Countries
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Figure E3 — Time-varying Augmented Backward-looking Taylor Rule Parameters for Inflation Targeting Countries
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igure E4 — Time-varying Augmented Backward-looking Taylor Rule Parameters for Non-targeting Countries
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