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Abstract

Inflation rates across countries tend to exhibit a degree of co-movement. In this
paper we use a panel vector autoregression (panel VAR) model to investigate
possible explanations of this co-movement for the G7 economies. Shocks to
commodity prices are found to be more important than common movements in real
activity as a driver of ‘global inflation’ dynamics. However, commodity prices and
common real activity cannot explain all of the co-movement in inflation. Even
when controlling for these factors, a common indicator of inflation still offers
explanatory power for domestic inflation in the panel VAR. Given the role of
global inflation in explaining inflation in the G7 countries, we then consider the
significance of global inflation for Australian inflation. We find that movements in
international inflation offer useful information when included in models of
Australian inflation, particularly headline inflation.

JEL Classification Numbers: C33, E31, E32, F44,
Keywords: global inflation, panel VAR, factor models, Bayesian estimation
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Co-movement in Inflation
Hugo Gerard
1. Introduction

Just as there is an extensive literature on the co-movement of real business cycles,'
there is growing acknowledgement of substantial co-movement of inflation across
countries. For example, Ciccarelli and Mojon (2010) found that, on average, up to
70 per cent of the variation in countries’ consumer price index (CPI) inflation can
be explained by a common factor. Neely and Rapach (2008) found that common
and regional factors together can explain around 50 per cent of the variation in
national inflation rates. Monacelli and Sala (2009) find a smaller number using
disaggregated data but still, on average, around 15-30 per cent of the variation in
consumer prices can be explained by a common factor.

This co-movement in inflation rates can be seen in Figure 1, which plots
year-ended CPI inflation for a number of economies.

Inflation rates across countries may move together for a number of reasons. Over
longer periods, common changes to policy frameworks and policymakers’ views
about the appropriate rate of inflation can drive changes in the level of inflation,
resulting in observed co-movement. In the short to medium term, if exchange rates
do not adjust to offset shocks to the international prices of imported goods, these
shocks can flow through to domestic consumer prices. Also, fluctuations in global
output and international trade can influence domestic demand and therefore
domestic inflation. Common shocks to which a number of countries are exposed
(for example, an oil price shock, demand and supply shocks) could also lead to
correlated movements in inflation rates.

1 See Backus, Kehoe and Kydland (1992) for the seminal contribution. Kose, Otrok and
Whiteman (2003) and Canova, Ciccarelli and Ortega (2007), amongst others, have shown that
a global or common component can explain a substantial share of the variation in real
variables across countries. Potential drivers of this co-movement pointed to in the literature
include international trade, financial conditions and the stance of monetary policy
(Canova et al 2007), along with movements in productivity (Crucini, Kose and Otrok 2011)
and consumption demand (Wen 2007).



Figure 1: International CPI Inflation
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Just how important the various channels will be, however, is likely to be influenced
by structural features of different economies, such as the degree of trade
integration, the flexibility of the exchange rate, and also the extent of exchange rate
pass-through by domestic firms. Policy responses across countries will also be
important. While an inflation-targeting central bank with an independent inflation
target should determine the level of domestic inflation in the long-run, inflation
rates across countries may still be observed to move together in the short to



medium term due to lags in the transmission of monetary policy and the fact that
certain shocks, for example, temporary shocks, may warrant only a partial or even
no monetary policy response.

This paper investigates the topic of co-movement in inflation rates using a panel
vector autoregression (panel VAR) model (Canova et al (2007) and Canova and
Ciccarelli (2009)) for the G7 economies. The panel VAR framework is very
flexible and has features in common with more familiar factor modelling
techniques. We investigate the significance of international inflation in explaining
domestic inflation in the G7 countries after controlling for potentially important
explanations of the observed co-movement in the data. In particular, we include
common and country-specific measures of real activity, and also oil and non-fuel
commodity prices in the model.” The panel VAR framework is also used to
investigate which of these potential explanations of ‘global inflation’ are most
supported by the data.

Our results suggest that common shocks to commodity prices are more important
for driving global inflation dynamics than are common movements in real activity.
Neither of these potentially important drivers of global inflation, however, can
fully explain the observed co-movement in inflation in the G7 data. Even when
controlling for these factors, the common inflation indicator, constructed as a
simple average of individual country inflation rates, is found to be a significant
explanator of domestic inflation, suggesting that international movements in
inflation contain useful information over and above what is reflected in data on
foreign real activity and, to a lesser extent, commodity prices.

Given the role for global inflation in explaining G7 countries’ inflation, we then
turn to examine the role that global inflation plays in explaining Australian
inflation. After augmenting standard single-equation models of Australian inflation
with the average of G7 countries’ inflation rates, we find that coincident

2 Most other studies on global inflation have only worked with inflation data. An exception to
this is Mumtaz, Simonelli and Surico (2011), who employ a dynamic factor model over a very
long sample and incorporate data on both output and inflation in their estimation. They do
not, however, control for commodity price movements or other measures of real activity such
as consumption and investment.
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information on international inflation, in particular, is a statistically significant
explanator of both headline and, to a lesser extent, trimmed mean inflation.

The rest of the paper is structured as follows: Section 2 reviews the relevant
literature, paying particular attention to the possible determinants of global
inflation; Section 3 outlines the panel VAR model and its key features (further
details of the model and the estimation procedure are in Appendix A); Section 4
presents the main results and discusses the role of correlated movements in real
activity and commodity prices in driving movements in global inflation; and
Section 5 discusses the significance of international inflation for modelling
inflation in Australia.

2. Global Inflation

2.1 Empirical Evidence

A number of papers have found that there is statistically significant co-movement
in inflation rates across countries. Ciccarelli and Mojon (2010) use a panel of
22 OECD countries’ inflation rates and find that different measures of global
inflation (such as a simple average, the official OECD measure, or the first
principal component of the data) can explain up to 70 per cent of the movement in
domestic CPI inflation rates. There are reasons to think, however, that this result
represents somewhat of an upper bound on the contribution of international
influences to inflation. Ciccarelli and Mojon use aggregate inflation data in
year-ended terms and a long sample from 1961:Q1 to 2008:Q2 that includes large
common shocks, such as the oil price shocks in the 1970s, and possible
(synchronised) regime changes. Consistent with this, Ciccarelli and Mojon
estimate the contribution of international influences to be closer to 30 per cent after
de-trending their data to highlight business cycle frequencies.

Monacelli and Sala (2009) use monthly disaggregated (to the product level) CPI
data for the United States, France, Germany and the United Kingdom over the
sample 1991 to 2004 and find that between 15-30 per cent of the variation in
domestic inflation can be attributed to international factors. Since Monacelli and
Sala’s data are both monthly and disaggregated they will tend to be noisier and so
should have lower measured co-movement independent of the underlying



relationships in the data. This result might then be thought of as a lower bound to
the variance in domestic inflation that can be explained by ‘global inflation’.

Neely and Rapach (2008), using aggregate data and a similar methodology to Kose
et al (2003) (who study common movements in real activity), decompose national
inflation rates into common, regional and idiosyncratic components. Their paper
incorporates a large cross-section of 64 countries, including data from Latin
America, Asia, Africa and the Middle East, along with North America and Europe,
allowing them to distinguish between common and regional effects. Over the
sample 1951 to 2009 they find that, on average across countries, 35 per cent of the
variation in domestic inflation rates can be explained by the global factor, with a
further 15 per cent explained by regional factors. Neely and Rapach also find that
the North American and European regional factors have become more important
since the 1980s.

Other work includes Wang and Wen (2007) who find that cross-country quarterly
inflation rates (for 18 OECD countries) are highly correlated (correlation of around
0.6 on average) and more so than quarterly output growth (correlation of around
0.2 on average). Mumtaz et al (2011) work with a very long sample, going back as
far as the 1800s for some countries, and find that the share of inflation variation
due to a common factor has increased post-1985. Work by Hyvonen (2004)
documents the convergence of inflation rates using a large sample of IMF member
countries and the role played by inflation targeting in driving this result.

2.2 Determinants of Global Inflation

The majority of the papers highlighted above focus on the statistical result that
inflation rates tend to move together across countries. There has been less work
looking at the possible determinants of this observed co-movement. From an
economic theory point of view, it is not necessarily obvious how developments in
inflation in other countries might influence domestic inflation. In the long-run, a
central bank with independent monetary policy should determine the level of
domestic inflation (see, for example, Woodford (2009)). Furthermore, most
structural economic models are unable to capture the phenomenon of inflation
co-movement (see, for example, Cicarelli and Mojon (2008) and their discussion of
the work by Clarida, Gali and Gertler (2002)). Wang and Wen (2007) show that



neither a two-country New Keynesian sticky-price model nor a sticky-information
model can explain the phenomenon of co-movement in inflation rates unless
monetary shocks across countries are themselves correlated. They also document
that inflation rates across countries tend to be more highly correlated than output,
which is the opposite of what real business cycle theory would predict.

In the short to medium run, however, there are a number of reasons why inflation
rates across countries could move together. Increased trade integration (or
globalisation more generally) has been highlighted as a key mechanism influencing
inflation rates in a number of countries (see Helbling, Jaumotte and
Sommer (2006) for work done by the IMF and also Bean (2007)). For example, as
east Asian economies have become more integrated into the global trade network,
the declining relative price of manufactured goods has been a global phenomenon.
Bernanke (2007) links increased trade integration and inflation co-movement via
two channels: a direct terms of trade channel that increases or decreases import
prices; and a more indirect pro-competitive effect, working to reduce the pricing
power of domestic firms and lower mark-ups. Ball (2006) presents an alternate
view and argues that globalisation has had no material impact on the dynamics of
inflation.

One natural explanation for the correlation in inflation rates is that real activity is
also correlated across countries. That is, co-movement in business cycles could
lead to co-movement in inflation as domestic inflation responds to correlated
changes in domestic demand. The evidence in favour of this explanation, however,
is somewhat mixed. Borio and Filardo (2007) have argued that global factors are
becoming an important determinant of inflation dynamics. They include a measure
of global slack into standard Phillips curve type equations of domestic inflation
and find it adds considerable explanatory power. Ihrig et al (2007), however, show
that this finding is not robust to alternate specifications of the Phillips curve, nor
the measure of global slack. Eickmeier and Moll (2009) estimate factor-augmented
Phillips curves for 24 OECD economies and allow global forces to impact inflation
indirectly through common movements in domestic demand and supply. They find
that the common component to changes in unit labour costs is a significant
determinant of inflation but less so the common component to the output gap.
Eickmeier and Moll also find that the first principal component explains less of the
variation in output gaps across countries than is the case for inflation, suggesting



there are other mechanisms driving the co-movement in inflation than simply
business cycle correlations.

Common shocks represent another potential driver of the co-movement in
inflation. As discussed by Ciccarelli and Mojon (2008), common shocks will be
more likely to generate co-movement if they account for a large share of the
variance in inflation and inflation rates respond in a similar fashion across
countries. Common shocks to commodity prices, therefore, would seem to be one
potential explanation for the global inflation phenomenon. Commodity prices are
largely determined in global markets, and so large price fluctuations can be
experienced in a number of economies at the same time. Also, food and energy
prices make up a substantial share of consumer consumption baskets around the
world, meaning that movements in these prices could explain a large share of the
variation in overall inflation. Movements in global commodity prices could also
influence inflation expectations in a number of economies in a similar way, which
could in turn affect realised inflation.

If there are substantial structural differences between economies, however,
common shocks to commodity prices may not necessarily lead to significant
co-movement in inflation rates. For example, a large positive oil price shock is
likely to see inflationary pressures increase in a number of countries; directly
through higher fuel costs but also indirectly as increased production costs are
passed through to consumers. The full extent of the inflationary impulse, however,
will depend on a number of other things, including the exchange rate regime (fixed
or floating), the degree of competition among firms, domestic policy responses and
income effects (which will be of opposite sign for an oil importer versus an oil
exporter). Another common commodity shock is to food prices, which is likely to
have a greater impact on inflation in developing rather than developed economies,
since food makes up a higher share of consumption in the developing world.

Finally, similarities in monetary policy reaction functions (Neely and
Rapach 2008; Henriksen, Kydland and Sustek 2009) could also be important in
explaining the observed co-movement in inflation rates. For example, with
authorities becoming more focused on achieving low inflation outcomes around
the early 1990s, the move to a low and more stable inflation environment around
that time was a common trend in a number of countries. Also, if central banks



respond similarly to common shocks or movements in the global business cycle
then this could also induce co-movement as domestic inflation responds to the
change in policy. Neely and Rapach (2008) find that the common inflation factor
in their model is more important for explaining domestic inflation in countries with
a greater degree of central bank independence, which could be indicative of similar
reaction functions across countries being important.

The explanations for the phenomenon of inflation co-movement outlined above are
by no means an exhaustive list, nor are they mutually exclusive. Also, different
drivers of global inflation might be more important at different times. We now
outline a statistical model that can be used to investigate further the issue of global
inflation and some of its potential determinants.

3. A Panel VAR

The panel VAR model outlined below largely follows Canova et al (2007) and
Canova and Ciccarelli (2009).* In this section we outline the key features of the
approach. A detailed description of the model and the estimation procedure can be
found in Appendix A.

A panel VAR represents an extension of a standard dynamic panel data model to
incorporate a vector of variables. In this paper, the G7 economies make up the
cross-sectional dimension of the panel, while the “VAR’ part consists of four
endogenous variables (output, consumption, investment and the CPI). We also
include oil and non-fuel commodities prices (in SDR terms).” Initially we treat the
commodity variables as exogenously determined but later relax this assumption.
The data are quarterly and all variables enter the model in log-differences.

We choose to focus on the G7 economies for two reasons. First, the G7 represents
a reasonably homogenous group of economies, in that they are advanced
economies with well-developed financial sectors and institutions, and broadly

3 Neely and Rapach (2008) also note, however, that greater central bank independence could
plausibly reduce the estimated importance of global inflation.

4 One key difference is that we do not consider time variation in the parameters.

5 A full list of data sources is presented in Appendix C.



similar policy frameworks. As we will see, the panel VAR approach we employ
imposes certain similarities on the equations governing the endogenous variables
in the model. It is more appropriate then in our application to consider a group of
countries that are somewhat similar. Second, this group of countries is well studied
and allows our results to be compared to others in the literature. This is not to
suggest, however, that other regions, for example, Latin America or east Asia, are
unimportant for the study of global inflation, but rather that it is difficult to include
a truly global sample of countries using our framework. We also exclude Australia
from entering the panel VAR as it is small in a global sense and later we will
investigate the significance of co-movement in inflation for modelling inflation in
Australia in a separate model.

3.1 The Model

The panel VAR can effectively be thought of as a relatively large VAR, with
variables for a number of different countries endogenously determined. For each
country, domestic variables are modelled not only as a function of own past lags
and other domestic variables, but also as a function of the variables of all other
countries. These cross-country lagged interdependencies increase the flexibility
and realism of the model and its ability to capture interesting dynamics, such as
spillover effects across countries and variables.

It is not feasible, however, to estimate the large number of parameters in a VAR
containing 28 endogenous variables (7 countries and 4 variables per country) using
the length of data available.® Therefore, following Canova et al (2007) and Canova
and Ciccarelli (2009), we employ a factorisation of the model’s coefficients that
effectively re-parameterises the panel VAR such that the endogenous variables we
want to explain depend on a smaller number of observable factors or ‘indicators’.
These indicators essentially summarise the key drivers of a larger set of variables,

6 For each of the NG equations in the panel VAR (N = 7 is the number of countries and G = 4 is
the number of endogenous variables per country) there are NGP + CP = 60 coefficients
(where P = 2 is the lag length and C = 2 is the number of exogenous variables) for a total
number of (NGP + CP)NG = 1 680 coefficients in such an unrestricted VAR.
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in a similar fashion to factor models.” Equivalently, the approach can be seen as
imposing certain restrictions on the parameters of the large VAR. Prior to
estimation the data are de-meaned and standardised (as is common practice when
working with factor-type models), implying equal weight is given to each country
in the panel VAR.

The indicators are, by construction, linear combinations of certain
right-hand-side variables of the panel VAR and highlight co-movement between
the different series. The factorisation chosen allows us to investigate the
importance of common drivers of the endogenous variables in the panel VAR,
relative to country-specific, variable-specific or exogenous influences. To illustrate
this more clearly, Table 1 shows how the factorisation would work in a simple
two-country, two-variable (and one lag) setting. In this example, there are
5 coefficients to estimate, relative to the 16 there would be in an unrestricted VAR
with one lag.

Table 1: Panel VAR Example
Two countries (4 and B) and two variables (X and Y)

Equation Right-hand-side indicators
Country-specific Variable-specific Common
i+ x! Y+ Xt v+ X+xt r+x'+ 7P+ X8
Y B 0 Oy 0 0
X! s 0 0 oy 0
Y 0 B oy 0 0
X° 0 A 0 oy 0

Notes:  Table entries are coefficients to be estimated in the panel VAR

7 See Canova et al (2007) for a discussion of the key differences between the factors generated
here and those derived from other factor modelling techniques (for example, those constructed
from principal components analysis). This approach to solving the ‘curse of dimensionality’
problem is similar to that used in the global VAR (GVAR) literature, where a linear
combination of foreign variables enter as explanatory variables in the VAR (see Pesaran,
Schuermann and Weiner (2004)). The GVAR framework has been used to analyse questions
related to international trade, global imbalances and international linkages (Dees ef al 2007;
Bussiére, Chudik and Sestieri 2009) and could also be a useful framework in which to
investigate global inflation.



11

Extending this approach to our setting, the equation for variable g in country # is
represented by Equation (1).

n —
Ayg,t - Zt,common + Zt,country + Zt,variable + Zt,exog + gt (1)

Equation (1) is representative of all equations in the panel VAR (output growth,
consumption growth, investment growth and inflation for each country), with the
right-hand-side consisting of:*

e Common indicators — two common indicators are included, one for the real
activity variables and one for inflation, giving equal weight to two lags of each
variable for all countries:

Z = (Z;=12:z=12i3=1AyZz—p )ereal + (2;122—1”:”—;7 )einf (la)

f,common common common
Where p indexes the two lags, n the seven countries, i the three real variables
and 0°“ and 0"  are the estimated parameters on the real and inflation

common common

variables that are common across countries.

o Country-specific indicators — two country-specific indicators, one for the real
variables and one for inflation, were constructed giving equal weight to two lags
of each variable for a single country:

Z e = (52 LT O (2277, )00 (1t

t,country n

Where the n subscript on €/ and 8" indicates these parameters are estimated

just for country n’s block of equations in the panel VAR.

8 The residual term in Equation (1) is assumed to be normally distributed, although the specific
form of the variance depends on the factorisation imposed (see Appendix A for details). For
the baseline results we assume an exact factorisation which implies homoskedastic errors.
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o Variable-specific indicators — constructed giving equal weight to two lags of
either output, consumption or investment growth for all countries:’

Zt,variable = (Zizlz‘:z:]Ayin,t—p ) ei (IC)

e FExogenous indicators — constructed giving equal weight to contemporaneous
and one lag of both oil price inflation and non-fuel commodity price inflation:

Z, s = (2800, )00, + (2] Anfuel,_, )01 (1d)

t,exog €xog €xo0g

It is important to highlight that when estimating the model we make a distinction
between real activity (output, consumption and investment growth) and inflation,
with each of the indicators allowed to load with a different coefficient across these
two types of equations. The coefficients are, however, restricted to be the same
across real variables (except in the case of the variable-specific indicators) and
across countries (except in the case of the country-specific indicators). For
example, the common real activity indicator is included in each country’s output,
consumption and investment growth equations and is restricted to have the same
coefficient. It is also included in each country’s inflation equation but loads with a
different coefficient than in the real activity equations. Also, oil prices, for
example, are allowed to load differently in real activity and inflation equations.

The key advantage of the factorisation we impose is that there are only
38 coefficients to be estimated, rather than the 1 680 coefficients there would be in
an unrestricted panel VAR. Also, the indicators constructed above offer a useful
economic interpretation, summarising common, country-specific, variable-specific
and exogenous information in the panel VAR.

The model was estimated using Bayesian methods over the sample 1981:Q2 to
2011:Q1 (see Appendix A for details). The next section presents the model

9 A variable-specific indicator for inflation was not included as it is identical to the common
inflation indicator in our setup.
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estimates and uses the indicators described above to investigate the key drivers of
co-movement in inflation in the G7.

4. Results

This section presents the key results from the panel VAR model. First, we
document that co-movement in inflation is an important feature of the G7 data,
even after controlling for domestic economic activity and common movements in
real activity and commodity prices. Second, we investigate which of the key
potential drivers of inflation in the model (in particular, the common indicators of
real activity and commodity prices) are most important for driving inflation
co-movement.

41  Co-movement in G7 Inflation

As discussed in the previous section, the common inflation indicator included in
the panel VAR was constructed giving equal weight to the two lags of
(standardised and de-meaned) quarterly CPI inflation (") for all (n = 7) countries.
The indicator was included in each country’s inflation equation in the panel VAR,
and with the same coefficient. The indicator is described in Equation (2):

‘,?"ti,r;t)mmon = (Eizlzzlzlﬂ.trlp ) * p (ei:r:)fmmon ) (2)

Where p(<9"1f ) represents the estimated posterior distribution of the factor

common

loading. There would be evidence in favour of co-movement in inflation being an

_—
9 inf
common

Important feature of the data if p( ) IS estimated quite precisely and centred

away from zero. Or, to put it another way, a significant factor loading would
suggest that lags of other country’s inflation rates (that is, information on foreign
inflation) is a useful explanator of domestic inflation.
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Figure 2 plots the median, 5" and 95" percentile of the estimated posterior
distribution of the common inflation indicator (Z " 3. The figure highlights

¢,common
the common nature of inflation experiences, with inflation rates in the individual
G7 countries typically either above or below their respective historical averages at
the same time. Further, the posterior distribution of the common inflation indicator
is estimated quite tightly and is centred away from zero."'

Figure 2: Common Inflation Indicator
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Notes:  Median and 90 per cent posterior interval; calculated from de-meaned and standardised G7 inflation; the
indicator has been shifted forward one quarter

This result suggests that movements in foreign inflation have explanatory power

for domestic inflation in the G7, even after controlling for other potentially

important features of the data. As highlighted earlier, indicators capturing

co-movement in real activity and common commodity price movements, along

10 The units of Figure 2 should be interpreted in terms of quarterly de-meaned and standardised
inflation. The mean quarterly inflation rate for the G7 countries over the sample is 0.75 per
cent, with an average standard deviation of 0.7 per cent.

11 The fact that the posterior uncertainty bands ‘shrink’ when the indicator is close to zero is a
result of the (de-meaned and standardised) inflation data itself being close to zero in certain
periods. The posterior uncertainty surrounding the estimated factor loading, however, remains
constant throughout.
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with country-specific factors (including lagged domestic inflation), were also
included in the panel VAR."

Another way to analyse ‘global inflation’ dynamics in the panel VAR is to
consider the effect of ‘shocking’ different inflation equations. While it is difficult
to identify structural shocks in our setting (for example, ‘orthogonalised’ impulse
response functions would require a particular ordering of countries and variables
which seems difficult to justify using theory), generalised impulse response
functions (GIRFs) (see Koop, Pesaran and Potter (1996) and Pesaran and
Shin (1998)) can be constructed that are independent of the ordering of variables
and countries. GIRFs consider the effect of a shock (or subset of shocks) to a
particular equation (or subset of equations) and integrate out the effect of other
shocks according to their historical distribution (we assume the errors follow a
multivariate normal distribution). While GIRFs cannot be given a clear structural
interpretation, they are informative about the key dynamics of the model and are
useful to describe how shocks to different equations evolve through the system.

Figure 3 shows GIRFs of a one standard deviation shock to the US inflation
equation in the panel VAR." The median response on domestic inflation in each of
the G7 economies over 20 quarters is shown in the left-hand panel, with the
median response in the other G7 economies as a whole (average of the G7
excluding the United States) and 90 per cent posterior probability interval shown in
the right-hand panel. In the figure, inflation has been re-scaled using the standard
deviation of each series (to correspond to actual units) and is presented as an
annualised rate.

12 The real country-specific indicators were found to be important drivers of real variables for all
countries except for Japan, and offered some explanatory power for inflation in the
United States, Japan, Germany and the United Kingdom. The country-specific inflation
indicators (lags of domestic inflation) were found to be important in all of the inflation
equations, and also the real variable equations for the United States, Japan and Canada in
particular. We found less evidence of variable-specific effects being important for output,
consumption or investment. These results are available on request.

13 The United States was not chosen for any particular reason here and the GIRFs look similar if
a different country’s inflation equation is shocked instead.
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Figure 3: Shock to US Inflation
Median generalised impulse response functions

0, 0,
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Notes:  One standard deviation shock to the US inflation equation; average G7 (excluding the US) inflation

response with 90 per cent posterior interval shown in the right-hand panel

A one standard deviation shock to the US inflation equation in the panel VAR
corresponds to an increase in inflation in the United States of around
1%4 percentage points (in annual terms). The shock coincides with a synchronised
increase in inflation in the other G7 countries of between 0.3 and 0.9 percentage
points on impact. The average response to inflation across countries (excluding the
US) is around 0.45 percentage points, with the bulk of the posterior distribution
away from zero. The shock is also quite persistent, with inflation at least
0.15 percentage points higher in the other G7 countries, on average, up to two
years after the initial shock. These results again highlight the significant
cross-country co-movement between inflation rates in the G7. We now turn to

discuss the potential drivers of this co-movement.
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4.2  What is Driving the Co-movement in G7 Inflation?
4.2.1 Co-movement in real activity

As discussed in Section 3, a common real activity indicator was included in the
panel VAR, designed to capture co-movement in real variables across the G7. It
was constructed giving equal weight to two lags each of (standardised and
de-meaned) output, consumption and investment growth for all countries. The
indicator was allowed to load separately in real variable equations, with coefficient
gL (Equation (3a)), and inflation equations, with coefficient @™

common common

(Equation (3b)).

‘,z'tl,é:)eriLwon = (zi):lzazlzleAyirjtfp ) * p (9(1:(,;”(:?:]0” ) (Sa)
Z,\t?écrﬁfl‘rlnon = (zi=121=12i3=1Ayi[?t—p ) * p (eczzéﬁilon ) (Sb)

To investigate the significance of this indicator for explaining movements in both
real activity and inflation across the G7, Figure 4 plots the median, 5™ and 95"
percentile of the estimated posterior distribution of the common real activity

indicators, Z-**  (top panel) and Z2™'  (bottom panel).

t,common t,common

Looking at the top panel of Figure 4, common influences were found to be an
important driver of real variables in the data. When the common real activity
indicator was included in each of the output, consumption and investment growth
equations, the posterior distribution was estimated quite precisely and centred
away from zero. This result is consistent with other results in the literature (for
example, Kose et al (2003) and Canova et al (2007)) which find that a common
factor can explain a substantial share of variation in real variables across countries.
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Figure 4: Common Real Activity Indicator
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consumption and investment growth; the indicators have been shifted forward one quarter
In contrast, co-movement in real activity is not significant in driving fluctuations in
inflation across G7 countries. As shown in the bottom panel of Figure 4, the
90 per cent posterior interval of the common real activity indicator includes zero
for most of the sample, with the median estimate of the factor loading slightly
negative. We can also use GIRFs to investigate the significance of correlated
movements in real activity for inflation in the panel VAR. Figure 5 presents GIRFs
of inflation to a ‘common’ shock to real activity, defined as a one standard
deviation shock to a subset of equations — output, consumption and investment —
for all countries in the panel VAR." On impact, the positive shock increases
output, consumption and investment by, on average across countries, around 0.35,

14 See Koop et al (1996) and Dees et al (2007) for a discussion of how a subset of
system-wide shocks can be analysed in the generalised impulse response framework.
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0.25 and 0.75 per cent, respectively. The median individual country inflation
responses to this shock are shown in the left-hand panel of Figure 5, with the
median response for inflation in the G7 as a whole (calculated as the average
across countries) and 90 per cent posterior probability interval shown in the
right-hand panel.

Figure 5: ‘Common’ Shock to Real Activity
Median generalised impulse response functions
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Notes:  One standard deviation shock to output, investment and consumption growth for all countries; average G7
inflation response with 90 per cent posterior interval shown in the right-hand panel

The results suggest that the ‘common’ positive shock to real activity, as
characterised here, does increase inflation in some countries but by a modest
amount, with the response across countries less synchronised than was the case
following the shock to US inflation (Figure 3). The 90 per cent posterior band for
the average G7 inflation response is also relatively wide and includes zero (this is
also the case for the individual country responses).

Correlated movements in real activity, therefore, do not seem to be a significant
driver of G7 inflation in the panel VAR. A possible reason for this finding is that a
reasonable part of our estimation sample from 1981:Q2 to 2011:Q1 is comprised of
the ‘great moderation’, a period that has seen a reduction in the variability of both
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real activity and inflation. Given this, it may be harder to precisely estimate the
relationship between these variables. It has also been argued that this period has
seen a substantial ‘flattening’ of the Phillips curve (see, among others, Beaudry
and Doyle (2000) and Roberts (2006)), with inflation less responsive to changes in
output. It is also worth emphasising again that generalised impulse responses
cannot be given a clear structural interpretation. Given that the ‘common shock to
real activity’ characterised above could reflect both demand and supply shocks
(which would have opposite effects on inflation) this may also be a reason for the
muted estimated inflation response.

Another important point is that the correlations we are interested in are likely to be
unstable over time. One limitation of our analysis is that we do not allow for time
variation in the parameters of the model. It could be the case that common
movements in real activity are more important at particular times. For example, the
synchronised fall in economic activity experienced following the global financial
crisis (see Figure 4, top panel) was associated with a synchronised fall in inflation
across countries (see Figure 2). During this particular period, synchronised
movements in real activity could have been an important driver of this inflation
co-movement. Non-linear effects are also not considered here (see Stock and
Watson (2010) for further discussion on the stability of inflation forecasting
models, particularly during downturns).

Nevertheless, overall these results would suggest that we need to look elsewhere to
explain the observed co-movement in inflation rates seen in the data.

4.2.2 Common shocks to commodity prices

As discussed in Section 3, oil and non-fuel commodity prices were included as
exogenous variables in the panel VAR as a way to control for particular common
shocks to which all countries are exposed. The simple average of contemporaneous
and lagged oil price inflation was found to be a significant explanator of inflation
in the panel VAR. The median coefficient estimate was positive, with the
90 per cent posterior probability interval away from zero. The median coefficient
estimate in the panel VAR implies that a 10 per cent shock to oil prices increases
headline inflation in the G7 by, on average across countries, around 0.2 percentage
points in annual terms in the same period. The non-fuel commodity price variable
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was also found to be important for explaining inflation (the contemporaneous
inflation response to a 10 per cent increase in non-fuel commodity prices in the
panel VAR was, on average across countries, around 0.2 percentage points). For
the real activity variables in the panel VAR, non-fuel commodity prices, but not oil
prices, were found to be a significant explanator.

Commodity prices therefore seem to be an important driver of headline inflation
across countries, which could go some way to explaining the observed
co-movement in inflation rates observed in the data. The assumption that
commodity prices are exogenous to the other variables in the panel VAR, however,
1s perhaps too restrictive and could lead to biased estimates of the
contemporaneous impact of commodity prices on inflation. For example, common
movements in real activity (reflected in the common real activity indicator in the
panel VAR) could influence global commodity demand and therefore commodity
prices. Therefore, to check this result, an alternative specification was also
estimated in which commodity prices are endogenously determined in the panel
VAR. In particular, the oil and non-fuel commodity price inflation variables were
assumed to be explained by lags of each other, but also by the common real
activity and common inflation indicators included in the panel VAR. Figure 6
presents GIRFs of a 10 per cent shock to oil prices on inflation in the G7 under this
alternative specification.

The GIRFs reported in Figure 6 again support the idea that common shocks to
commodity prices are a key candidate for explaining the observed co-movement in
headline inflation in the G7. The shock to the oil price equation in the panel VAR
leads to a synchronised increase in inflation across the G7, with inflation initially
increasing by between 0.1 and 0.9 percentage points across countries and by
0.45 percentage points on average (with the 90 per cent posterior probability
interval away from zero for up to two years after the shock). Under this alternate
specification, with commodity prices allowed to be endogenous, a shock to
non-fuel commodity prices was also found to have a significant impact on inflation

151t is also worth noting that in the specification with commodity prices endogenously
determined, we do not restrict the contemporaneous impact of oil prices to be the same across
countries (as is the case when commodity prices are assumed exogenous and enter the model
contemporaneously and with the same coefficient across countries).
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(although part of this is due to the fact that movements in non-fuel commodity
prices have historically been associated with an increase in oil prices and GIRFs
are not ‘orthogonalised’).

Figure 6: Shock to Oil Prices
Median generalised impulse response functions
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Notes:  Ten per cent shock to oil prices; average G7 inflation response with 90 per cent posterior interval shown
in the right-hand panel

Another way to consider the role of commodity prices in driving global inflation
dynamics is to model consumer prices excluding food and energy; that is, core,
rather than headline, inflation. By removing food and energy price movements
from the headline measure we strip out the direct first-round impact of shocks to
food and energy prices on consumer prices. If movements in these variables are
indeed an important driver of the significant correlation between headline G7
inflation rates, we would expect to see less evidence of core inflation moving
together across countries. Figure 7 presents the common inflation indicator from
the panel VAR model estimated using core, rather than headline, inflation, while
Figure 8 shows GIRFs of a one standard deviation shock to the US core inflation
equation.
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As can be seen in Figure 7, the estimated loading on the common core inflation
indicator was still found to be positive and estimated quite precisely, suggesting
that there is also evidence of co-movement in core inflation rates being an
important feature of the data. In contrast to the panel VAR estimated using
headline inflation, however, the contemporaneous impact of a shock to US core
inflation on the rest of the G7 (Figure 8) is close to zero and insignificant (the peak
response is lagged by around a year and although the 90 per cent posterior
probability interval is slightly away from zero further out, the magnitude of the
average response remains relatively small). So while there is still evidence of
co-movement in core inflation rates in the G7, it is perhaps somewhat less
pronounced than in the headline data. This seems consistent with the notion of
common shocks to commodity prices being an important determinant of inflation
co-movement.

Figure 7: Common Core Inflation Indicator
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Notes:  Median and 90 per cent posterior interval; calculated from de-meaned and standardised G7 core (CPI
excluding food and energy) inflation; the indicator has been shifted forward one quarter
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Figure 8: Shock to US Core Inflation
Median generalised impulse response functions
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Notes:  One standard deviation shock to the US core inflation equation; average G7 (excluding the US) inflation
response with 90 per cent posterior interval shown in the right-hand panel

4.3 Robustness

A number of different specifications of the panel VAR model outlined above were
estimated to check the robustness of the results. In particular, versions of the model
were tried using different lag lengths and also giving declining weight to longer
lags when constructing the various indicators. Country weights corresponding to
GDP at market exchange rates (on average over the sample) were also tried as
opposed to giving equal weight to each country. A version of the model excluding
France and Italy was also estimated to see whether including multiple European
countries (with the same exchange rate for part of the sample) was influencing the
results. And as mentioned above, a version of the model where commodity prices
are endogenously determined was also estimated. The results were generally found
to be robust to these alternate specifications. For example, Figure 9 plots the
average G7 (excluding the United States) inflation GIRF to a US inflation shock
(the same shock shown in Figure 3) under different specifications of the panel
VAR.
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Figure 9: Robustness — Shock to US Inflation
Average G7 (excluding the US) inflation response
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Notes:  Median generalised impulse response functions; one standard deviation shock to the US inflation equation

The baseline panel VAR was also estimated over a more recent ‘low-inflation’
sample from 1992:Q1 to 2011:Q1, using a prior initialised over the earlier sample
period. This is important to consider since the policy shift towards inflation
targeting around the early 1990s is potentially a key regime change in our sample.
The transition from a period of relatively high and volatile inflation to lower and
more stable inflation in the early 1990s was common to each of the G7 economies.
From a purely statistical point of view, the co-movement in inflation rates around
this time could be a key driver of the global inflation result. The posterior
distribution of the common inflation indicator (both the headline and core version)
estimated over this ‘low-inflation” sample is shown in Figure 10. While estimated
somewhat less precisely relative to the full sample, the indicators were still found
to be an important explanator of domestic inflation in the panel VAR. This would
suggest that the shift to low inflation cannot account for all of the co-movement in
inflation rates observed in the data.
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Figure 10: Common Inflation Indicator
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Finally, a version of the panel VAR was also estimated in which the factorisation
of the coefficients (essentially restrictions) described earlier was not assumed to be
exact (see Appendix A). The results obtained were again similar to those reported
above. We also estimated the model using feasible least squares and calculated
robust standard errors as an additional robustness check. Again the results were
similar (see Appendix B).

5.  Implications for Modelling Inflation in Australia
The significant correlation between inflation rates across countries is something

that could be exploited for understanding the dynamics of domestic inflation in
Australia. Furthermore, the results presented so far in this paper suggest that
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movements in global inflation may reflect, in part, information other than what can
be gleaned from data on foreign real activity and movements in commodity prices.
The significance of global inflation for explaining domestic inflation, however,
will depend on a number of factors. For example, while movements in commodity
prices are a potential key driver of co-movement in inflation rates across countries,
in Australia (a commodity exporter) the floating exchange rate could work to offset
somewhat the impact of higher commodity prices on inflation, since a positive
shock to commodity prices is likely to be associated with an appreciation of the
Australian dollar. Pass-through to domestic prices may be delayed, however, for a
number of reasons (such as, foreign exchange hedging, pricing to market), in
which case exchange rate fluctuations need not perfectly offset a change in foreign
prices. It remains an empirical question, therefore, as to whether or not we may
still see significant co-movement in inflation rates in the near term.

To test the significance of foreign inflation in explaining domestic inflation in
Australia, models for both headline and underlying (trimmed mean) inflation
following Norman and Richards (2010) were estimated. The Phillips curve and
mark-up model specifications were augmented with the average of quarterly G7
headline inflation, similar to the measure of global inflation used in the panel VAR
(which averages G7 inflation over two periods), as an additional explanatory
variable.'® The same oil and non-fuel commodity price variables used in the panel
VAR were also included. As Australia can be considered a small open economy,
G7 inflation enters the regressions contemporaneously (and with one lag), as do
both commodity price variables.

The results are reported in Tables 2 and 3, over the estimation sample from
1990:Q1 to 2011:Q1. A positive and statistically significant coefficient on the G7
inflation variable would be evidence in favour of foreign inflation being an
important explanator of inflation in Australia.

16 The results are qualitatively similar if the common inflation indicator from the panel VAR is
used instead. The simple average is also very close to the first principle component of
G7 inflation rates (as principle component analysis assigns close to equal weight to each of
the series). Using an OECD-wide measure was also found to give similar results.
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Table 2: Standard Phillips Curve Model
Estimation sample 1990:Q1 to 2011:Q1

Dependent variable Headline inflation Trimmed mean inflation
(D 2 3) 4)
Lagged inflation —0.377** —0.409* 0.233 0.233
Inflation expectations 0.598%** 0.395%* 0.311%** 0.188%*
Unemployment rate 0.107** 0.123#:%* 0.102%** 0.108%***
Change in unemployment  —0.003 —0.003* —0.002%*x* —0.002%**
rate
Import price inflation 0.119 0.104 0.035 0.032
Oil price inflation 0.014%** 0.007** 0.004* 0.002
Non-fuel commodity 0.018%* 0.013 —0.007* —0.010*
price inflation
G7 inflation (t) 0.562%** 0.192%%*
G7 inflation (t-1) —-0.115 0.052
Adjusted R 0.354 0.401 0.712 0.723

Notes:  Models (2) and (4) include G7 inflation; sum of coefficients and p-values from Wald tests for joint
significance are reported; *** ** and * indicate significance at the 1, 5 and 10 per cent level,
respectively; two lags were included for domestic inflation; import price inflation enters as a polynomial
distributed lag; oil and non-fuel commodity price inflation and G7 inflation enter contemporaneously and
with one lag. Both the headline and trimmed mean inflation measures exclude interest, tax and health
policy changes and exclude the deposits and loans component of the CPI; see Norman and Richards
(2010) for more details.

The regression results suggest that foreign inflation does have explanatory power
for domestic inflation in Australia (in line with the results for the G7 presented
earlier), particularly headline inflation. The coefficient on contemporaneous G7
inflation is highly significant in the headline inflation regressions and including G7
inflation improves the in-sample fit of both models considerably (as measured by
the adjusted R-squared). Over the 1990:Q1-2011:Q1 sample, the contemporaneous
impact of a 1 percentage point increase in G7 headline inflation is to increase
domestic headline inflation by around 0.5 percentage points. While also
statistically significant (at around the 5 per cent level), foreign inflation seems to
offer little additional explanatory power in the trimmed mean inflation regressions.
The impact of a 1 percentage point increase in G7 inflation on underlying inflation
is also smaller, with trimmed mean inflation increasing by around 0.2 percentage
points in the same quarter. The results also find some evidence of commodity
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prices affecting headline inflation, in particular, in the same quarter.'” However,
the coefficients on oil and non-fuel commodity price inflation are smaller (and
become less significant or insignificant) when the G7 inflation variable is included.
The role of inflation expectations for explaining domestic inflation also falls
somewhat when G7 inflation is included as an additional explanator.

Table 3: Mark-up Model
Estimation sample 1990:Q1 to 2011:Q1

Dependent variable CPI inflation Trimmed mean inflation
(1) 2) A3) “4)
Lagged inflation —0.335%* —0.347* 0.378** 0.410%**
Inflation expectations 0.464** 0.280 0.153* 0.049
Output gap 0.112 0.130 0.099* 0.116*
Growth in real unit labour 0.182 0.196 0.123** 0.104**
costs
Import price inflation 0.175 0.166 0.079 0.077
Oil price inflation 0.015%** 0.009** 0.005%* 0.003
Non-fuel commodity 0.016** 0.011 —0.005%* —0.008
price inflation
G7 inflation (t) 0.534%* 0.174*
G7 inflation (t-1) —-0.155 0.038
Adjusted R 0.333 0.374 0.697 0.706

Notes:  Models (2) and (4) include G7 inflation; sum of coefficients and p-values from Wald tests for joint
significance are reported; *** ** and * indicate significance at the 1, 5 and 10 per cent level,
respectively; two lags were included for domestic inflation; growth in real unit labour costs and import
price inflation enter as a polynomial distributed lag; oil and non-fuel commodity price inflation and G7
inflation enter contemporaneously and with one lag. Both the headline and trimmed mean inflation
measures exclude interest, tax and health policy changes and exclude the deposits and loans component of
the CPI; see Norman and Richards (2010) for more details.

In line with the earlier results, foreign inflation seems to offer more information for
explaining headline inflation than underlying inflation. Given headline inflation is
more sensitive to fuel and food prices than is trimmed mean inflation, this suggests
a key role for commodity prices in driving inflation co-movement. It remains
somewhat of a puzzle, however, as to why G7 inflation is still found to be

17 These results were found to be robust to the inclusion of the common real activity indicator
(contemporaneously and with lags) from the panel VAR as a proxy for international economic
activity.
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significant in the above regressions. Notably, controlling for commodity prices and
import prices (and global activity — although this variable was found to be
insignificant and is not included in the above results) should account for
explanations emanating from business cycle correlations and pass-through of
shocks to traded goods prices. An alternative explanation may relate to the
difficulties in measuring variables such as import prices, and in particular the
dynamics of their impact on inflation, and so foreign inflation may help to proxy
for these impacts.

In the Australian data, it also seems that the bulk of the explanatory power of G7
inflation is coming through the contemporaneous term (when only the first lag of
G7 inflation 1s included its coefficient was also found to be insignificant in each of
the regressions). This result seems consistent with the idea that the endogenous
response of the exchange rate could be working to offset (with some lag) the effect
of an impulse to global inflation. Well-anchored inflation expectations are also
likely to have helped limit second-round type effects.

Finally, the result that movements in international inflation have explanatory
power for domestic inflation is also an interesting finding from a forecasting
perspective. Stock and Watson (2007) discuss the fact that in recent times inflation
has become harder to forecast, in the sense that it is difficult to find useful
predictors of inflation. Cicarelli and Mojon (2010) consider a forecasting exercise
(which includes data for Australia) and find that including information on global
inflation can improve forecasting accuracy relative to simple univariate benchmark
models. As a simple ‘nowcasting’ exercise, we also included in the above
regressions a measure of G7 inflation constructed using less than the full quarter’s
worth of inflation data. Measures using only the first two months, and first month,
of inflation data for the relevant quarter were also generally found to be significant
in the above regressions (although the estimated coefficients were somewhat
lower), suggesting the monthly frequency of inflation data in the G7 could be used
to inform predictions of (quarterly) Australian inflation. However, history would
suggest it would be wise to be cautious about the stability of various relationships
for predicting inflation. The emergence of Asia, for example, presents a key
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structural change taking place in the global economy, with potentially important
implications for global inflation dynamics.'®

6. Conclusion

This paper has presented a panel VAR model for the G7 economies that allows for
rich interactions between countries and variables while maintaining a parsimonious
model structure. Following Canova et al (2007) and Canova and Ciccarelli (2009),
observable factors or indicators were obtained from the model, highlighting
co-movement between the series in the panel VAR. The model was used as a
framework to investigate the issue of global inflation.

While not presenting a structural explanation, the panel VAR was used to evaluate
different possible interpretations of the correlation in inflation rates across
countries observed in the data. Common shocks to commodity prices, but not to
global real activity, were found to be important for driving ‘global inflation’
dynamics. However, there is still statistical evidence of co-movement in G7
inflation rates even after controlling for the possible influence of commodity prices
and global activity.

Given the role of the common inflation indicator in explaining inflation in the G7
countries, it was then also investigated whether global inflation has a significant
influence on Australian inflation. To do this, a global inflation measure was added
to standard single equation models for headline and underlying inflation in
Australia. The results again indicate that movements in international inflation
contain useful information for explaining domestic inflation, particularly headline
inflation.

18 Neely and Rapach (2008) found that country characteristics such as the degree of openness,
institutional quality, financial development and real GDP per capita were all associated with
an increasing role for global inflation in explaining domestic inflation.
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Appendix A: The Panel VAR
A.1  The Model in More Detail"

Consider a dynamic panel data model shown in Equation (A1) where y;, represents
an observation for cross-section i = 1,...,N in time period ¢t = 1,...,T

Yie = IB]iyi,t—I + ﬁziyi,t—z +oeet ﬂ}i)yi,t—p + €, (Al)

If we generalise Equation (A1) and allow y;, to be a vector of G variables, denoted
in bold as y;,, then Equation (A2) below represents a panel VAR model:

Y. =D)Y_ +D)Y_ +---+DY,_ +e, (A2)

pt-p

Where Y, represents the NG x 1 vector formed by stacking the vector y,, in the
! . .
cross-sectional dimension, that is, Y, =[yg,mylg,,,...,y;q’t} , and Dj,...,D are

G x NG matrices of coefficients for up to P lags of Y, to be included in the VAR.

Note also that e;; is a G x 1 vector of mean zero and 1id errors. Finally, denoting
D,....,D, as stacked-by-i NG x NG matrices of coefficients, and also allowing for

a C x 1 vector of exogenous explanatory variables denoted C, with coefficient
matrix A, then we obtain Equation (A3):

Y, =DY, ,+D,Y ,+---+DyY, . + Aocz teeet AP-ICt—P+1 +E, (A3)

Where E, is a NG x 1 vector of random disturbances, E, ~N(0,Q).

Define X, =[Y. I,Yt'_z,...,Yt'_P,C;,...,C;_PH]I as the vector formed by stacking the

P lags of the right-hand-side variables. Now we can write Equation (A3) as a
system of the form:

Y =W3+E, (A4)

19 The notation in this section largely follows Canova et a/ (2007).
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0=20+2,0,+---+E. 6, +u (AS)

Where in the above equations W, =1, ®X/, 9; is a (NGP + CP) x 1 vector

formed by stacking the rows of D= [Dl,...,Dp,Aﬂ,...,AP_J and finally & is
formed by stacking 0, and is a vector containing all the coefficients of the system.

Equation (AS5) describes the factorisation of the coefficients vector as discussed in
the main text. We include common, country-specific and variable-specific factors,
alongside the exogenous variables as key drivers of the data. In Equation (AS), the

dimension of [(91,492,...,0k]':[9 0 0 0 ]’zﬂ is 38 x 1, much

variable > - exog
smaller than the total number of coefficients in the unrestricted model and making

p— Y

estimation feasible using a realistic sample size. The =, ’s represent matrices of

common > ~ country ?

appropriate dimensions made up of 1’s and 0’s and are designed to pick out the
relevant coefficients relating to our factorisation. The error term u ~ N(O,Q ® V)

captures un-modelled features of & and throughout we assume that

2 20
V=0 INGP+CP :

Finally, substituting Equation (AS5) into Equation (A4), we get:

Yt = Zt,common + Zt,country + Zt,variable + Zz,exog + %, (A6)
Where
Zt,common = t:'commonecommon ’Zt,country = Wt:'countryecountry’ t,variable = Wtdvariableevariable
and Z, .., =WZE.0., and the error term & =Wu+E, ~ N(0,0,Q2) where

o =1+0’XX,.”

20 Canova and Ciccarelli (2009) provide a detailed example of this setup in a simple two-country
and two-variable setting.

21 For o° >0 the model implies a specific form of heteroskedasticity in the error term.
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A.2 Estimating the Model

Bayesian methods were used to estimate the panel VAR. Equation (A7) represents
the seemingly unrelated regression (SUR) form of the model:

Y,=W,(20+u)+E, =y0+§& (A7)

Where 2=[Z,E,,...,E,] and 0 =[91,92,...,6’k]’. It should be clear that for o* >0
the error term implied by the model is heteroskedastic, where o, =1+c°X'X,.”

While in the baseline estimation we set o” =0, it is also possible to treat o~ as a
parameter to be estimated.

We employ a semi-conjugate prior for the parameters 8, o and Q:

p(0.0°.2)=p(0)p(c” ) p(Q) (A8)

2
a4y a5

Where p(0)~N(00,V0),p(0'2)~IG[ > ,Tj and p(Q)~IW(z,,,Q;]).

When estimating the model over the full sample of data from 1981:Q2 to 2011:Q1
an uninformative prior was used. When estimating the model over the
‘low-inflation’ sample a training sample from 1981:Q2 to 1991:Q2 was used to
initialise the prior. Specifically, the prior mean for the coefficients vector was set
equal to the OLS estimate of the SUR model using the training sample, with a prior
variance equal to the identity matrix. For the inverse Wishart prior for  we set

z9g= NG + T (where T = 41 is the size of the training sample) and Q, = Qo where
QO is the variance covariance matrix of the residuals in our OLS training sample

regression. Finally, in the case where o’ is allowed to be non-zero, for the
inverted gamma prior for o’ we set a,=1 and s” equal to the average of NG

22 To see this, recalling the spherical assumption made about V, then the variance covariance
matrix of the error term in Equation (A6) takes the form:

E(g&)=WE(u)W/+E(EE))=W,(Q® 0L, )W +Q2=0'XXQ+Q
=(1+0'X/X,)Q =00
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individual variance estimates obtained from simple AR (2) regressions estimated
for each variable. These prior choices largely follow Canova et a/ (2007).

Information from the data can be summarised by the kernel of the likelihood
function for the SUR form of the model:

NG
Loc [HtTIO-zzJ‘Q‘g exp{—O.SZil (Yt - X;ﬂ)’ (O'IQ)J (Yt - xlﬂ)} (A9)

Combining the prior information with the likelihood does not offer an analytical
solution for joint posterior distribution of parameters. Therefore we used Monte
Carlo Markov Chain (MCMC) techniques to simulate the posterior distribution.
Since analytical expressions for the conditional posterior distributions of 0 and
do exist given our semi-conjugate choice of prior, we employ the Gibbs sampler.
However, the conditional posterior distribution of o’ is non-standard and a
Metropolis step is used within the Gibbs loop to obtain the correct posterior
distribution. The steps in the estimation process are as follows.

1. Given starting values for o and , draw 0 from a normal distribution
f (O‘YT ,Q,0° ) =N(0,,V,) with mean and variance given by:

-1
B 1Q 'y
V, :(VO’+zf1—f = fj (A10)
2 -1
0, =V, [VO"BO +3 <Y, J (Al1)
Gt

2. Given the starting value for o° and the draw of @ obtained in Step 1, draw Q
from an inverted Wishart distribution:

-1
(Yt B Xte)(Yt T Xze)

o,

f(Q7|Y'.0,07)=Wi| z,+T,| Q' +2, (A12)
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3. Given the draws for ® and Q obtained in Steps 1 and 2, draw &’ employing a
Metropolis step. To do this, we evaluate the kernel of the posterior
(Equation (A13) below) at a new candidate draw of o relative to the previous
draw. The candidate draw is generated from a normal distribution centred at the

previous draw, i.e. o’ ~N(O'fm,c) where we calibrate the variance ¢ to

cand

achieve an acceptance rate of between 30 and 50 per cent. The candidate draw is
accepted with a probability equal to the minimum of 1 and the ratio of the
kernels.”

f(aZ‘YT,B,Q)ocL(YT e,g,af)le(%,“O—Szj (A13)

2

4. Repeat Steps 1 to 3 conditional on the most recent draw for the parameters.

5. Check for convergence of the posterior distribution after discarding a burn-in
sample to remove any influence of the choice of starting values.

We used 20 000 draws in the Gibbs sampler routine described above to estimate
the posterior distribution of the parameters, with the first 10 000 draws discarded
as a burn-in sample. To check convergence of the posterior distribution the first
and second moments of the coefficient estimates at various points of the chain
were compared.

23 More details can be found in Canova et al (2007).
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Appendix B: Feasible Least Squares Estimation

As discussed in Appendix A, for o’ >0 the error term in the restricted SUR form
of the model 1s heteroskedastic, with variance given by o,Q where
o, =1+0°X'X, . In the version of the model where o was estimated, the posterior
mean estimate of o’ was found to be small but away from zero, which suggests
there is some evidence of (minor) heteroskedasticity in the errors. Therefore as a
robustness check we also estimated the restricted SUR form of the model using
feasible least squares and calculated robust standard errors. Table B1 presents
t-statistics for some of the key coefficients in the model. While there are some
differences compared with the Bayesian estimates, qualitatively the results are
similar. In particular, the common inflation indicator was still found to be
significant in both the headline and core inflation versions of the model and oil
price inflation was found to be a significant explanator of headline inflation.

Table B1: Feasible Least Squares Estimation Results
Coefficient z-statistics
Model with headline inflation = Model with core inflation

Inflation equations

Common inflation indicator 4.95 5.51
Common real activity indicator -0.16 —-0.06
Oil price inflation 4.58 0.32
Non-fuel commodity price 1.62 0.75
inflation

Real variable equations

Common real activity indicator 2.07 1.90
Oil price inflation —0.13 —0.16
Non-fuel commodity inflation 2.65 2.75

Notes:  Estimation sample is 1981:Q2 to 2011:Q1; #-statistics calculated using robust standard errors; numbers in
bold indicate significance at the 10 per cent level or lower
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Appendix C: Data Sources

Table C1: Data Sources

Series Source(s)
Consumer price indices for individual G7 OECD.Stat (database); Thomson Reuters;
economies quarterly index constructed as the average of the

monthly index for the relevant quarter

Consumer price indices excluding food and As above
energy for individual G7 economies

Real GDP, real private consumption and real =~ Thomson Reuters; national sources,

fixed private investment for individual G7 March 2011 vintage

economies

Oil and non-fuel commodity prices IMF International Financial Statistics database,
June 2011

US/SDR exchange rate RBA

Australian consumer price inflation ABS; RBA

Australian trimmed mean inflation ABS; RBA

Australian inflation expectations Norman and Richards (2010); RBA

Australian output gap Norman and Richards (2010); RBA

Australian unemployment rate ABS; RBA

Australian import prices ABS; Norman and Richards (2010); RBA

Australian real unit labour costs ABS; Norman and Richards (2010); RBA




39
References

Backus DK, Kehoe PJ and FE Kydland (1992), ‘International Real Business
Cycles’, Journal of Political Economy, 100(4), pp 745-775.

Ball LM (2006), ‘Has Globalization Changed Inflation?’, NBER Working Paper
No 12687.

Bean C (2007), ‘Globalisation and Inflation’, World Economics, 8(1), pp 57-73.

Beaudry P and M Doyle (2000), ‘What Happened to the Phillips Curve in the
1990s in Canada?’, in Price Stability and the Long-Run Target for Monetary
Policy, Proceedings of a Seminar held by the Bank of Canada, Ottawa, pp 51-82.

Bernanke BS (2007), ‘Globalization and Monetary Policy’, Speech given at the
Fourth Economic Summit, Stanford Institute for Economic Policy Research,
Stanford, 2 March.

Borio C and A Filardo (2007), ‘Globalisation and Inflation: New Cross-Country
Evidence on the Global Determinants of Domestic Inflation’, BIS Working Paper
No 227.

Bussiére M, A Chudik and G Sestieri (2009), ‘Modelling Global Trade Flows:
Results from a GVAR Model’, European Central Bank Working Paper Series
No 1087.

Canova F and M Ciccarelli (2009), ‘Estimating Multicountry VAR Models’,
International Economic Review, 50(3), pp 929-959.

Canova F, M Ciccarelli and E Ortega (2007), ‘Similarities and Convergence in
G-7 Cycles’, Journal of Monetary Economics, 54(3), pp 850-878.

Ciccarelli M and B Mojon (2008), ‘Global Inflation’, Federal Reserve Bank of
Chicago Working Paper No WP-08-05.



40

Ciccarelli M and B Mojon (2010), ‘Global Inflation’, The Review of Economics
and Statistics, 92(3), pp 524-535.

Clarida R, J Gali and M Gertler (2002), ‘A Simple Framework for International
Monetary Policy Analysis’, Journal of Monetary Economics, 49(5), pp 879-904.

Crucini MJ, MA Kose and C Otrok (2011), ‘What are the Driving Forces of
International Business Cycles?’, Review of Economic Dynamics, 14(1), Special
Issue: Sources of Business Cycles, pp 156—-175.

Dees S, F di Mauro, MH Pesaran and LV Smith (2007), ‘Exploring the
International Linkages of the Euro Area: A Global VAR Analysis’, Journal of
Applied Econometrics, 22(1), pp 1-38.

Eickmeier S and K Moll (2009), ‘The Global Dimension of Inflation — Evidence
From Factor-Augmented Phillips Curves’, European Central Bank Working Paper
No 1011.

Helbling T, F Jaumotte and M Sommer (2006), ‘How has Globalization
Affected Inflation?’, World Economic QOutlook — Globalization and Inflation,
World Economic and Financial Surveys, IMF, Washington DC, pp 97-134.

Henriksen E, FE Kydland and R Sustek (2009), ‘Globally Correlated Nominal
Fluctuations’, NBER Working Paper No 15123, rev April 2011.

Hyvonen M (2004), ‘Inflation Convergence Across Countries’, RBA Research
Discussion Paper No 2004-04.

Thrig J, SB Kamin, D Lindner and J Marquez (2007), ‘Some Simple Tests of
the Globalization and Inflation Hypothesis’, Board of Governors of the Federal
Reserve System International Finance Discussion Paper No 891.

Koop G, Pesaran MH and SM Potter (1996), ‘Impulse Response Analysis in
Nonlinear Multivariate Models’, Journal of Econometrics, T4(1), pp 119-147.



41

Kose MA, C Otrok and CH Whiteman (2003), ‘International Business Cycles:
World, Region and Country-Specific Factors’, The American Economic Review,
93(4), pp 1216-1239.

Monacelli T and L Sala (2009), ‘The International Dimension of Inflation:
Evidence from Disaggregated Consumer Price Data’, Journal of Money, Credit
and Banking, 41(Supplement s1), pp 101-120.

Mumtaz H, S Simonelli and P Surico (2011), ‘International Comovements,
Business Cycle and Inflation: A Historical Perspective’, Review of Economic
Dynamics, 14(1), Special Issue: Sources of Business Cycles, pp 176—198.

Neely CJ and DE Rapach (2008), ‘International Comovements in Inflation Rates
and Country Characteristics’, Federal Reserve Bank of St. Louis Working Paper
No 2008-025F, rev March 2011.

Norman D and A Richards (2010), ‘Modelling Inflation in Australia’, RBA
Research Discussion Paper No 2010-03.

Pesaran MH, T Schuermann and SM Weiner (2004), ‘Modelling Regional
Interdependencies Using a Global Error-Correcting Macroeconometric Model’,
Journal of Business & Economic Statistics, 22(2), pp 129-162.

Pesaran MH and Y Shin (1998), ‘Generalized Impulse Response Analysis in
Linear Multivariate Models’, Economics Letters, 58(1), pp 17-29.

Roberts JM (2006), ‘Monetary Policy and Inflation Dynamics’, International
Journal of Central Banking, 2(3), pp 193-230.

Stock JH and MW Watson (2007), ‘Why Has U.S. Inflation Become Harder to
Forecast?’, Journal of Money, Credit and Banking, 39(Supplement s1), pp 3-33.

Stock JH and MW Watson (2010), ‘Modeling Inflation After the Crisis’, NBER
Working Paper No 16488.



42

Wang P and Y Wen (2007), ‘Inflation Dynamics: A Cross-Country
Investigation’, Journal of Monetary Economics, 54(7), pp 2004-2031.

Wen Y (2007), ‘By Force of Demand: Explaining International Comovements’,
Journal of Economic Dynamics & Control, 31(1), pp 1-23.

Woodford M (2009), ‘Globalization and Monetary Control’, in J Gali and
M Gertler (eds), International Dimensions of Monetary Policy, National Bureau of
Economic Research Conference Report, University of Chicago Press, Chicago,
pp 13-77.



RESEARCH DISCUSSION PAPERS

These papers can be downloaded from the Bank’s website or a hard copy may be obtained by
writing to:

Printing Administrator
Information Department
Reserve Bank of Australia
GPO Box 3947

SYDNEY NSW 2001

Enquiries:

2010-06

2010-07

2010-08

2011-01

2011-02

2011-03

2011-04

2011-05

2011-06

2011-07

2011-08

Phone: +61 29551 9830
Facsimile: +61 2 9551 8033
Email: rbainfo@rba.gov.au
Website: http://www.rba.gov.au

Asset Prices, Credit Growth, Monetary and Other Policies:
An Australian Case Study

Monetary Policy and the Exchange Rate: Evaluation of
VAR Models

Sources of Chinese Demand for Resource Commodities

Estimating Inflation Expectations with a Limited Number
of Inflation-indexed Bonds

Long-term Interest Rates, Risk Premia and Unconventional
Monetary Policy

Urban Structure and Housing Prices: Some Evidence from
Australian Cities

Assessing Some Models of the Impact of Financial Stress
upon Business Cycles

Terms of Trade Shocks: What are They and What Do They Do?
Does Equity Mispricing Influence Household and Firm
Decisions?

Australia’s Prosperous 2000s: Housing and the Mining Boom

The Mining Industry: From Bust to Boom

Paul Bloxham
Christopher Kent
Michael Robson

Jarkko Jaaskeld
David Jennings

lvan Roberts
Anthony Rush

Richard Finlay
Sebastian Wende

Callum Jones
Mariano Kulish

Mariano Kulish
Anthony Richards
Christian Gillitzer

Adrian Pagan
Tim Robinson

Jarkko Jaaskela
Penelope Smith

James Hansen

Jonathan Kearns
Philip Lowe

Ellis Connolly
David Orsmond



W RESERVE BANK OF AUSTRALIA



	1. Introduction
	2. Global Inflation
	3. A Panel VAR
	4. Results
	5. Implications for Modelling Inflation in Australia
	6. Conclusion
	Appendix A: The Panel VAR
	Appendix B: Feasible Least Squares Estimation
	Appendix C: Data Sources
	References

