
University of New South Wales

School of Economics

Honours Thesis

How Important are International Shocks for Australia’s
Business Cycle?

Author:

David Hughes

Student ID: 3254449

Supervisor:

Prof. James Morley

Bachelor of Commerce (Actuarial Studies and Finance) /

Bachelor of Economics (Econometrics)

Honours in Economics (Econometrics)

October 22, 2012



Declaration

I declare that this thesis is my own work and that, to the best of my knowledge, it

contains no material that has been published or written by another person(s) except

where due acknowledgement has been made. This thesis has not been submitted for

award of any other degree or diploma at the University of New South Wales or at

any other educational institution. I declare that the intellectual content of this thesis

is the product of my own work except to the extent that assistance from others is

acknowledged.

David Hughes

22 October 2012

i



Acknowledgements

I would like to thank the following people, who have provided their assistance,

knowledge and support to me in writing this thesis and throughout my Honours

year.

First and foremost, to my supervisor James Morley for the many hours he has dedicated

to me and my work. His support and belief in my ability encouraged me to undertake

a piece of work far more difficult than any I had undertaken before, and his knowledge

and experience greatly assisted my understanding of the model and its estimation. I

look forward to working with him again in the future.

To the University of New South Wales for its financial assistance throughout my degree,

and the Reserve Bank of Australia for its assistance in my final year.

To the many academics in the Economics department who have assisted me, in

particular to Nigel Stapledon for his wealth of knowledge on Australian economic

history, and to Mariano Kulish for taking the time to read this thesis and provide

useful comments.

Finally, to Peter Wallis for the many discussions on our coursework throughout year,

and to Rebecca Newing for taking the time to proofread a lengthy paper that she neither

understood nor enjoyed.

Thank you.

ii



Contents

Declaration i

Acknowledgements ii

Table of Contents iii

List of Figures v

List of Tables vi

Abstract 1

1 Introduction 2

2 Literature Review 4

2.1 Business cycle analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 International business cycles . . . . . . . . . . . . . . . . . . . . . . . . 6

2.3 Australian literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3 The General Model 12

3.1 A dynamic factor model with Markov switching . . . . . . . . . . . . . 12

3.2 Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.3 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4 The Australian Business Cycle 21

4.1 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

5 The United States as a World Proxy 26

5.1 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

5.2 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

6 The Global Business Cycle: G7 Model 33

6.1 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

6.2 Removing the influence of the Global Financial Crisis . . . . . . . . . . 43

6.3 Changes in global co-movement over time . . . . . . . . . . . . . . . . . 44

iii



7 Allowing for Dependence in Regimes 47

7.1 A model with interdependent transition probabilities . . . . . . . . . . 47

7.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

8 Testing International and Domestic Factors 53

9 Conclusion 57

9.1 Discussion of results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

9.2 Extensions and future research . . . . . . . . . . . . . . . . . . . . . . . 58

9.3 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Appendix A Data 62

A.1 Unit root tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

A.2 Cross-correlations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

A.3 Structural break tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

A.4 Data used in Granger causality tests . . . . . . . . . . . . . . . . . . . 65

Appendix B State space form 67

Appendix C Estimation technique 70

C.1 Prior distributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

C.2 Gibbs sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

C.2.1 Simulating model parameters . . . . . . . . . . . . . . . . . . . 72

C.2.2 Generating the state vectors D̃kT and G̃T . . . . . . . . . . . . . 74

C.2.3 Generating the state vectors S̃kT and S̃gT . . . . . . . . . . . . . 76

C.2.4 Metropolis-Hastings step . . . . . . . . . . . . . . . . . . . . . . 76

C.2.5 Summary: Steps for sampling of the model . . . . . . . . . . . . 77

Appendix D Additional figures and tables 78

D.1 G7 model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

D.2 Four country model - Australia, Canada, the U.K. and the U.S. . . . . 81

D.3 G7 model - 1960 to 2005 . . . . . . . . . . . . . . . . . . . . . . . . . . 82

10 References 83

iv



List of Figures

4.1 Australian common factor . . . . . . . . . . . . . . . . . . . . . . . . . 23

5.1 Domestic and Global factors - Aus/US model . . . . . . . . . . . . . . 30

5.2 Estimated probability of the low growth regime - Aus/US model . . . 31

6.1 The Australian domestic factor - G7 Model . . . . . . . . . . . . . . . 39

6.2 The common global factor - G7 Model . . . . . . . . . . . . . . . . . . 40

6.3 Breakdown of Australian ouput - G7 Model . . . . . . . . . . . . . . . 41

6.4 Correlation between output and the global factor - G7 model . . . . . . 45

6.5 Proportion explained by global factor - G7 model . . . . . . . . . . . . 46

D.1 The common domestic factors - G7 model . . . . . . . . . . . . . . . . 78

D.2 Probability of domestic low growth regimes - G7 model . . . . . . . . 79

D.3 Correlations of output with the global factor . . . . . . . . . . . . . . 80

D.4 Four-country and G7/Australia common factors . . . . . . . . . . . . . 81

D.5 The common global factor - G7 model 1960 to 2005 . . . . . . . . . . 82

v



List of Tables

3.1 Cross-correlations for output growth in Australia and the G7 . . . . . 20

4.1 Loading coefficients and variance decomposition . . . . . . . . . . . . . 21

4.2 Estimated regime parameters - Australia . . . . . . . . . . . . . . . . . 22

4.3 Estimated recession dates - Australia . . . . . . . . . . . . . . . . . . . 24

5.1 Cross-correlations of growth in Y, C and I . . . . . . . . . . . . . . . . 27

5.2 Estimates of factor loading coefficients - Aus/US model . . . . . . . . 27

5.3 Variance decomposition - Aus/US model . . . . . . . . . . . . . . . . . 28

5.4 Estimates of regime parameters - Aus/US model . . . . . . . . . . . . 29

6.1 Estimated factor loading coefficients - G7 Model . . . . . . . . . . . . 34

6.2 Variance decomposition - G7 Model . . . . . . . . . . . . . . . . . . . 35

6.3 Estimated regime parameters - G7 Model . . . . . . . . . . . . . . . . 37

6.4 Correlations with the common factors - G7 Model . . . . . . . . . . . 42

6.5 Variance decomposition - G7 Model 1960 to 2005 . . . . . . . . . . . . 43

7.1 Estimates of transition probabilities - interdependent regimes . . . . . 51

7.2 Variance decomposition - interdependent regimes . . . . . . . . . . . . 52

8.1 Tests for Granger causality - Domestic factors . . . . . . . . . . . . . . 54

8.2 Tests for Granger causality - Idiosyncratic factors . . . . . . . . . . . . 55

A.1 Augmented Dickey-Fuller tests for Australia and the G7 . . . . . . . . 62

A.2 Within-country cross-correlations for Y, C and I . . . . . . . . . . . . 62

A.3 Cross-correlations for Y,C and I for Australia and the G7 . . . . . . . 63

A.4 Quandt-Andrew tests for structural breaks in the mean . . . . . . . . 64

A.5 Quandt-Andrew tests for structural breaks in the variance . . . . . . . 65

A.6 Data descriptions for Granger causality tests - international . . . . . . 65

A.7 Data descriptions for Granger causality tests - domestic . . . . . . . . . 66

C.1 Priors for Australia model . . . . . . . . . . . . . . . . . . . . . . . . . 71

C.2 Priors for Aus/US model . . . . . . . . . . . . . . . . . . . . . . . . . . 71

C.3 Priors for G7 model transition probabilities . . . . . . . . . . . . . . . 72

D.1 Cross-correlations of common factors . . . . . . . . . . . . . . . . . . . 81

D.2 Variance decomposition - four country model . . . . . . . . . . . . . . 82

vi



Abstract

This thesis investigates the extent to which the international business cycle

plays a role in determining the Australian business cycle. Using Bayesian

techniques, a dynamic factor model is estimated that decomposes the growth

rates of output, consumption and investment for Australia and the G7 nations

into: a common global component, domestic components specific to each country

and, idiosyncratic components for each observable variable. The common factors

are assumed to have Markov switching means, allowing the domestic and global

components to transition between a high growth and a low growth phase, which

correspond to expansionary and contractionary periods in the business cycle.

I estimate this model using quarterly data from 1960 to 2012 a find that the

common global component is not particularly important for the Australian

business cycle. Although the model captures clear regime switches in the

Australian business cycle, only the most recent low growth period, corresponding

to the global financial crisis, is found to be wholly related to global rather than

domestic shocks. While the direct impact of global shocks on Australian growth

appears small, some evidence is found of a non-linear impact of international

regimes on the probability of switches in the Australian domestic growth regimes.
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1 Introduction

Similarities in the expansions and contractions of world economies have been well

documented in the economics literature. This apparent comovement of economic

aggregates from a large number of countries is often termed the ‘global business cycle’

and has been found to play a significant role in the growth of many large economies.

This thesis investigates to what extent Australia’s experience fits in with this idea

of world comovement by determining how much of Australia’s business cycle can be

explained by the global cycle as opposed to the domestic one.

The global financial crisis, as with other major recessions before it, has spawned renewed

interest in the sensitivity of Australia’s business cycle to international shocks. In

particular, the idea that ‘when the United States sneezes, Australia catches a cold’ has

often been studied. This thesis investigates the effect of common variation in the global

economy on the growth of Australian aggregate output, consumption and investment.

A dynamic factor model, similar to that of Gregory, Head and Raynauld (1997), is

estimated in order to decompose the growth rates of the three aggregates for Australia

and the G7 nations into: (i) a common global component, (ii) domestic components

specific to each country and, (iii) idiosyncratic components for each aggregate. The

estimates suggest that, while the global common factor plays an important role in

explaining growth in many of the G7 aggregates, the impact on Australian growth is

small by comparison. This result seems surprising and suggests that, despite being a

textbook example of an open economy, Australia’s business cycle is determined more by

domestic shocks than by international ones. The implications of this result for policy

as well as economic modelling, suggest that there should be a greater focus on domestic

factors than on economic growth in foreign economies.

The key innovation that this thesis makes relative to previous studies is to allow the

average growth rates of the common factors to switch between two different regimes

of above and below average growth. The transitions between these two regimes are

governed by a Markov process such that the probability of transitioning to either

regime is determined only by the current state of the process. This extension captures

the asymmetry of business cycles, i.e. that longer periods of steady growth are often

followed by short, sharp falls in growth. Evidence from the literature suggests that these

asymmetries are important in characterising business cycle growth, a result confirmed in

this thesis. The estimated regime process for the common factors allow turning points

in the business cycles of the Australian and G7 economies, as well as the common global
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cycle, to be dated. The results suggest that while domestic cycles are well characterised

by two regimes, the global cycle is more linear.

Further, the estimated timing of regimes appear to correspond across countries in some

periods. In particular, the United States, the United Kingdom, Canada and Australia

all share low growth regime periods in both the early 1980s and 1990s. This suggests

that while only a small proportion of growth in the Australian aggregates comes from

global movements, there may be a stronger non-linear relationship between Australia

and the world through common changes in regime. This possibility is investigated by

extending the model to allow for interdependence between the regimes of Australia

and each of the G7 nations. This extension provides evidence that switches in the

U.S. or U.K. domestic regimes can increase the probability of a similar switch in the

Australian economy. Thus, shocks to the United States and United Kingdom in the

form of recessions or recoveries lead to similar experiences in Australia, but only with

a certain probability. In addition, it appears that positive shocks have a greater effect

on Australian regime switches than negative ones. These results accord with findings

by Henry and Summers (2000) and Henry, Olekalns and Shields (2002) who both find

evidence of a non-linear relationship between Australian and U.S. GDP.

As a final point, this thesis explores some possible international and domestic factors

which may be useful in predicting growth in the Australian business cycle. Granger

causality tests suggest that the Chinese economy is relevant for Australia and provides

weaker evidence of commodity prices also playing a role. Domestically, measures of

business and consumer confidence have explanatory power for changes in the Australian

business cycle regime.

3



2 Literature Review

2.1 Business cycle analysis

The concept of the business cycle, in which the economy evolves over time through

periods of expansion and recession, is by now well established. Burns and Mitchell

(1946) famously highlighted two key features of the business cycle: (1) comovement of

a range of economic variables that are defined as leading, lagging or coincident with

the cycle and, (2) separate phases or regimes in the cycle (i.e. nonlinearities). Both of

these features are fundamental to the analysis of business cycles but have often been

investigated separately in the literature.

One useful set of models that well capture Burns and Mitchell’s idea of comovement are

dynamic factor models. In a dynamic factor model, shocks to a common factor capturing

the business cycle drive the comovement of variables. Stock and Watson (1989, 1991,

1993) use this model to derive a coincident economic index for the comovement of

macroeconomic aggregates in the United States. Their coincident index closely follows

the movements of other established indexes but their methodology makes use of a

formal statistical model to make predictions about business cycle movements. Otrok

and Whiteman (1998) use Gibbs sampling to estimate a similar model for the business

cycle of Iowa, deriving a method for simulating values of the common factor from its

conditional posterior distribution. These models of coincident economic series well

capture the idea of comovement, however linear models cannot capture the asymmetry

inherent in the business cycle.

Observations of business cycles show that periods of growth tend to be longer lasting

than recessions, which are generally sharper and shorter in duration. Hamilton (1989)

captures this asymmetry in his model of U.S. GNP by considering a process that

is subject to discrete shifts in regime. He uses the Markov switching regression of

Goldfeld and Quandt (1973) to model changes in the parameters of an autoregression,

and develops a filtering and smoothing algorithm to estimate the model. His model

finds evidence of asymmetry in the expansions and contractions of quarterly GNP

although is less successful when applied to monthly data. Filardo (1994) for example,

applies Hamilton’s model to a monthly industrial production index and finds that the

model predicts recession dates that have a relatively low correlation with NBER dates.

Chauvet (1998) suggests that just one variable may not be able to correctly identify the

business cycle, and that the failure of the model may be due to the level of noise inherent
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in monthly data. Multiple economic variables are needed to combine the notions of

comovement and asymmetry in order to best capture the business cycle.

To combine these two notions, Diebold and Rudebusch (1994) suggest a dynamic factor

model with regime switching, which integrates the separate models of Hamilton, and

Stock and Watson. Notable examples of this multivariate switching model include

Chauvet (1998, 1999) and Kim and Yoo (1995). These examples both estimate their

models using the combination of a nonlinear version of the Kalman filter and Hamilton’s

algorithm, as suggested by Kim (1994). Chauvet’s model is successful in capturing

the turning points of the business cycle by analysing the timing of regime shifts and

provides an extracted coincident index as a measure of the U.S. business cycle. As

in these papers, MLE is commonly used to estimate Markov switching models. The

estimation of these models can prove difficult however since in a two state model the

number of possible paths doubles after each time period leading to 2T potential state

sequences. Whilst Hamilton solves this issue with his filtering algorithm, the estimation

involves an approximation of the true likelihood. Further, it is difficult to determine the

properties of some important test statistics and to measure the level of uncertainty in

the estimates of the unobserved state variable. For example, in testing the significance

of a three state model, compared to a model with only two states, a problem arises in

which some transition probabilities in the three state model are not identified under

the null hypothesis of two states. These so called ‘nuisance’ parameters mean that the

standard distribution of test statistics will not be valid.

The use of Bayesian estimation allows for approximation free inference of Markov

switching models, as well as model comparison using the Bayes factor. In the Bayesian

context, the dynamic factors and state sequences are treated as unobserved random

variables and simulated from distributions conditional on the parameter values of the

model. Albert and Chib (1993) develop a single-move method for simulating values

from the unobserved state sequence and Carter and Kohn (1994) provide a multi-

move method, which allows the entire state sequence to be simulated from its joint

conditional distribution. Kim and Nelson (1998) estimate a version of Hamilton’s

(1989) model with regime switching using Gibbs sampling, resulting in clearer evidence

of business cycle turning points, and recession dates that agree more closely with those

of the NBER. Further, the posterior model probabilities allow them to perform tests

of duration dependence, finding strong dependence for recession periods but weaker

evidence for expansions.

Whilst dynamic factor models with Markov switching have been used successfully to
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estimate the business cycle, key extensions to this model have been developed to relax

some of its inherent assumptions. In the business cycle context, it is reasonable to

think of large marcoeconomic shocks, or extended periods of particularly high or low

growth, as triggering a change in regime.This requires relaxing the assumption that the

probabilities of transitioning between regimes are fixed, allowing these parameters to

vary over time. Time-varying transition probabilities (TVTP) have been suggested by

both Filardo (1994) and Diebold, Lee and Weinbach (1994) and allow the probability of

regime shifts to be dependent upon exogenous variables. Filardo uses MLE to estimate

Hamilton’s model of the U.S. economy with time-varying transition probabilities and

finds these additional parameters to be significant, concluding that regime persistence,

and hence expected duration, changes over time. Filardo and Gordon (1998) present a

procedure for estimating TVTP using Gibbs sampling. An alternative specification is

presented by Kim, Piger and Startz (2008), where the addition of a parameter measuring

the correlation between the transition probabilities and the idiosyncratic shocks to the

variables allows for endogeneity in the switching. A benefit of both of these models is

that they nest the fixed transition probability models, allowing for simple tests through

parameter restriction.

It may also be desirable to relax the assumption that all variables are subject to the

same regime switching process. This reflects the idea of one region’s business cycle

or financial markets leading those of another. Otranto’s (2005) multi-chain Markov

switching (MCMS) model allows variables to switch non-synchronously through the

addition of individual state chains and transition probabilities. This model can capture

the spillover of shocks by allowing transition probabilities to depend upon the states of

other variables. The MCMS model, whilst having been used successfully in the financial

context, has not yet been used in the business cycle literature.

2.2 International business cycles

Not only do economic variables within countries appear to exhibit similar patterns,

but the economic activity of different countries also exhibit similar fluctuations across

time. This idea of an global business cycle has gained increased scrutiny as world

economies become increasingly intertwined through globalisation. Identifying whether

international or domestic influences are most important to an economy’s business cycle,

and which areas of the economy are most susceptible to international influence, is

valuable both for developing better models of the business cycle and creating good
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policy. For example, as noted by Kose, Otrok and Whiteman (2003), if world business

cycles explain a large portion of economic fluctuations in a group of countries then

policies focussed on external balances to stabilise shocks to economic activity may be

ineffective, and theoretical models should perhaps emphasise commonalities amongst

markets, as opposed to differences in policy or environments.

Correlation analysis has commonly been used to study the comovement of international

macroeconomic aggregates. Stockman (1989) uses an error-correction method and finds

that a substantial fraction of fluctuations to growth in industrial production comes

from both international sector-specific shocks and nation-specific shocks. Baxter and

Stockman (1989) find that the international correlations of output shocks have generally

been declining since 1973 (post Bretton Woods). Correlations between output and

consumption within countries however, have generally been increasing over the same

period. Heathcote and Perri (2002) also find that correlations between U.S. real shocks

and those of the rest of the world have fallen, however these findings are not shared in

all studies. Lumsdaine and Prasad (2003) develop an aggregation method which uses

time-varying weights to find the common component of international fluctuations. They

find that correlations of industrial production growth with this common component are

both strong and positive, and have increased since 1973. These analyses, whilst useful,

are only a static representation of contemporaneous movement. They do not highlight

relationships in the persistence of shocks, or possible spillovers of shocks from one sector

or country to another.

Not surprisingly, dynamic factor models have proved useful in estimating the extent to

which economic cycles are determined by global factors as opposed to domestic ones.

Gregory et al. (1997) extends the single factor model of domestic business cycles to

jointly estimate the business cycles of the G7 countries. Their model breaks down the

fluctuations in output, investment and consumption in the seven economies into: (i)

a common global factor, (ii) a domestic factor common across aggregates within each

country and, (iii) an idiosyncratic factor specific to each individual series. They find

that both country and world factors are significant in explaining business cycles but

that no single country seems to dominate the world cycle. They also note that the

world factor is much more important in determining output than consumption in each

country, a result also found elsewhere in the literature. Monfort, Renne, Rüffer and

Vitale (2004) use a similar model for the output of G7 nations, however they use two

‘area-wide’ factors common to a subset of countries, as opposed to domestic factors.

Area-wide spillover effects are investigated by allowing these factors to interact, and
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changes in the effects over time are analysed by separating the sample into two time

periods. Their results confirm those of Gregory et al. in terms of the importance of

world cycles, and the authors also note that a significant part of world comovement

may be explained by oil price shocks. The area-wide factors indicate that the North-

American area appears to have a strong lagged impact on the European area, but not

vice versa, with the strength of these spillovers having increased over time.

There is strong motivation to use Bayesian rather than classical techniques in the

international context, as estimation of dynamic factor models of a large number of series

can be difficult using MLE, particularly with multiple common factors. Gregory et al.

describe the estimation of their model of eight common factors over 21 aggregates, using

Kalman filtering techniques, as ‘computationally burdensome’. Kose et al. (2003) avoid

this burden by using Bayesian techniques to estimate their model of the global business

cycle. With the use of multi-chain Monte Carlo (MCMC) estimation they are able to

estimate a model using aggregates from a 60-country sample with: a common world

factor, seven regional factors, 60 domestic factors and idiosyncratic components for

each individual series. This substantial model allows them to identify a world business

cycle that is distinct from the common cycle of a particular subset of countries. They

find that this world factor accounts for a substantial fraction of economic fluctuations

in most countries, and that previously identified regional cycles are likely just proxies

for the broader world cycle. They also find, as in earlier papers, that output comoves

with the world business cycle whereas consumption and investment are more in synch

with country dynamics. Kose, Otrok and Prasad (2008) are able to extend this model

to an even larger sample of 106 countries over a 45 year period. They included many

emerging economies, which had previously been ignored in most international business

cycle analyses, allowing them to compare the business cycles of these nations to those

of industrialised ones. They find that the importance of the global business cycle has in

fact declined over time, and that the business cycles of industrial countries and emerging

market economies have converged separately.

One commonly cited contributor to the increase in business cycle linkages, and the

spillovers of real economic shocks across economies, has been the rapid rise in the level

of financial market integration. There is a large literature on the way in which financial

shocks are transmitted across markets, with the key focuses often being: whether or

not there was an originator (or dominant) market from which shocks originally spread,

through which channels the shocks were transmitted and, the way in which they were

magnified over time.
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For business cycle research the interest is the extent to which these financial shocks

impact on real economic growth. There are a range of theoretical channels through

which financial variables may affect real output, as discussed by Hassapis (2003).

Optimistic views about firms’ future profits, for example, may lead to an increase

in share values and contribute towards real output through a wealth effect. Stock

prices are also likely to contain informational content about future expectations of

monetary policy, and economic growth. As well as stock prices, other measures of

financial conditions are also linked to economic growth. When credit conditions are

tight, as in a financial crisis, this will likely constrain investment and future economic

growth. Yield curves are also believed to represent future beliefs about real output.

For example, under the expectations hypothesis, when investors predict higher interest

rates in the future they will reduce their demand for longer term bonds, reducing their

price (and hence increasing their yield), leading to an increase in the term spread.

Yield curves also contain information about future expectations of monetary policy

and investment. These theoretical links are supported in the literature by a range of

papers that find financial variables useful in predicting real economic growth. Hu (1993)

for example, uses data on the G7 nations to show that the slope of the yield curve is

positively related to expected growth in real output. Further, using the yield curve in

forecasting he shows that it retains marginal predictive power when used together with

other measures such as lagged GDP growth, stock prices and inflation and compares

favourably to these other variables in out-of-sample testing. Hassapis (2003) finds that

stock prices, yield spreads and monetary aggregates from both the United States and

Canada are all useful in predicting Canadian output growth.

A range of models have been used in investigating the impact of financial shocks on real

output. Dees, Mauro, Pesaran and Smith (2007) uses a global VAR (GVAR) to look at

26 different countries and regions. They find that financial shocks are transmitted much

faster than shocks to real output and note the complexity of transmission channels,

with shocks being magnified due the many indirect, as well as the direct, channels of

transmission. Chauvet (1999) extends her Markov switching dynamic factor model of

the United States to include a range of financial variables. She finds that individual

financial series seem to be related to business cycles at some points and unrelated

at others, and hence she combines several series into a stock market indicator which

performs better than any individual series. Mili, Sahut and Teulon (2012) use a non-

linear smooth transition regression (STR) model in which financial variables are allowed

to affect the evolution of real GDP. The results show some evidence of asymmetry in the

response of real GDP to financial shocks, and that the U.S. stock market initiates this

9



asymmetry in European real growth. They also find that in periods of poor economic

conditions, financial variables do not appear to affect real growth, but do have an effect

in good economic conditions.

2.3 Australian literature

In the Australian literature, Hamilton’s Markov switching model has been applied by

a number of authors including Layton (1994, 1997) and Bodman (1998). These papers

find that a two regime process successfully describes the growth of a range of Australian

economic series including GDP, unemployment and coincident indicators. Bodman also

investigates possible duration dependence in regimes, finding that contractions in GDP

are duration dependent such that the longer a recession continues, the more likely it

becomes that a shift to the expansionary regime will occur. Factor models have also

been used, for example Gillitzer, Kearns and Richards (2005) construct a coincident

economic index using a factor model of a large number of data series.

In modelling Australian GDP, Taylor, Shepherd and Duncan (2005) compare a wide

range of models from a Bayesian perspective, including linear autoregressions and

models with Markov switching for two or three states. Using the Bayes factors for

model comparison, they show that after controlling for the presence of multiple regimes,

a white noise process characterises the best models for GDP growth and that previously

found autoregressive features of the data are due to a misspecification from assuming

a single state. The authors conclude that Australia has no ‘business cycle’ as it is

commonly defined, but that recessions and booms in the economy are largely caused

by exogenous shocks. Bodman and Crosby (2002) also find evidence for a two-state

model of Australian GDP growth and test for the presence of a third ‘bounceback’

state of high growth after a recession. This three-state model is statistically rejected

however, in favour of the two-state model, although some evidence for this third state

is found.

In analysing the impact of international shocks on Australia, the common approach is

the use of VAR type models. Dungey and Pagan (2000) estimate a structural VAR

model of the Australian economy and find that foreign output and asset prices are both

important for the Australian growth cycle, although they note that these cycles are

not fully synchronized. Henry et al. (2002) use a VARMA model for Australia and the

United States, including a term that captures the current depth of recession (CDR).

They find that the depth of U.S. recessions is significant for Australia such that the
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deeper the United States falls into recession, the more likely that Australia will also

experience negative growth. Henry and Summers (2000) also investigate the influence

of the United States on the Australian economy using a threshold autoregression. They

use Bayesian techniques to estimate a two-regime threshold model in which changes

in the U.S. economy can lead to switches in the growth regime of Australia. They

find strong evidence of a non-linear influence of the United States on Australia, with a

negative shock in the United States having a much larger impact on Australia than a

positive shock of the same size, and Australian growth being lower and more volatile

in periods of low U.S. growth. These models seem to suggest that international output

growth does affect Australian growth, however the channel may be non-linear.

11



3 The General Model

3.1 A dynamic factor model with Markov switching

Under a dynamic factor structure, if yt is a vector of N time series then it may be

decomposed into L common factors and some series specific noise. Specifically, the

vector yt may be expressed as

yt = λFt + νt (3.1)

where Ft is a vector of L common factors with L < N , and νt is a N × 1 vector

of idiosyncratic shocks that may be serially correlated but not correlated across

variables.

The dynamic factor model makes use of the assumption that all comovement among

variables is caused by a series of common shocks in order to extract these common

factors from the data. In the case of the model estimated here, the series used are

aggregate measures of output (Y), consumption (C) and investment (I) from one or

more countries. The model assumes that the three aggregates from each of the K

countries can be decomposed into three components:

1. a factor that is common to all variables, denoted the global factor (Gt),

2. a factor common to the three aggregates within a country, the domestic factor

(Dkt), and

3. an idiosyncratic factor specific to the individual variable (eikt).

The use of multiple aggregates for each country reflects the idea that the business cycle

is defined by comovement in a range of measures of economic activity, as opposed to

being defined by any one measure. It should be noted that this structure does not

separately identify only shocks that are common to all variables. The common factor

will capture not only common shocks but also shocks that have occurred in one country

or aggregate and spilled over to others, as well as independent but contemporaneous

shocks in different countries or aggregates. The purpose of this estimation however is not

to separately identify purely common shocks, but to find a measure of shocks affecting

the global economy that may be used to infer the importance of global movements for

the Australian economy. The issue of whether shocks originated in a truly global sense,

or in one country and then spread to the global economy, is an interesting one but not

the focus of this thesis.
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The aggregates for each country can be represented by the following equations:

Ykt = γYk Dkt + λYk Gt + eYkt

Ckt = γCk Dkt + λCkGt + eCkt

Ikt = γIkDkt + λIkGt + eIkt

(3.2)

Here Gt represents the common global factor, Dkt the domestic factor common to

aggregates in country k, and eikt the idiosyncratic factor specific to the i-th series of

country k, with i = {Y,C, I}. The loading coefficients γik and λik reflect the relative

importance of the domestic and global factors on the i-th aggregate of the k-th country.

Since the loading coefficients and factors are estimated jointly, the signs and magnitudes

of coefficients are only relative and have no specific interpretation on their own. For

this reason I normalise the signs of the loadings on output to be positive so that growth

in the factors also leads to growth in the output series. Of more interest will be what

these values imply about the variance decompositions of each series. Each of the factors

follows an autoregressive process of order two which is assumed to be stationary and

have an unconditional mean of zero. As the level series possess unit roots, to ensure

these assumptions are valid the data is first rendered stationary and demeaned as

discussed in detail below. The AR(2) specification is chosen to be general enough

to capture the persistence in the factors whilst remaining parsimonious enough to

estimate, although the model can easily be extended to even more general specifications.

Estimates of the autoregressive parameters and the error terms do suggest however that

two lags is sufficient.

Dkt = µSkt
+ φ1k(Dkt−1 − µSkt−1

) + φ2k(Dkt−2 − µSkt−2
) + vkt (3.3)

Gt = πSgt + θ1(Gt−1 − πSgt−1) + θ2(Gt−2 − πSgt−2) + ut (3.4)

eikt = ψi1ke
i
kt−1 + ψi2ke

i
kt−2 + εikt (3.5)

This structure is by no means the only possible configuration. Gregory et al. (1997) for

example, discuss the possibility of allowing the same aggregates in different countries

to share a common factor, leading to a model in which aggregates share shocks

that are common within a country as well as shocks common to a specific aggregate

across all countries. To test the relevance of these additional factors, they estimated

three dynamic factor models separately for each aggregate: output, consumption and

investment. The extracted common components were highly correlated with one

another, indicating that a single global factor is likely to well capture the common
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variation across countries. In following these results I choose to consider only one

common global factor.

The choice of factor structure assumes that the error terms in the transition equations

(3.3 to 3.5) are contemporaneously uncorrelated, as any common variation should be

captured in the common factors. Thus shocks to the common and idiosyncratic factors

are implied to be uncorrelated and are assumed to follow normal distributions.

εikt ∼ i.i.d. N(0, σ2
ik)

vkt ∼ i.i.d. N(0, τ 2k ) (3.6)

ut ∼ i.i.d. N(0, η2)

The unconditional, or long-run, mean of the common factors is allowed to vary from

zero through the Markov switching mean parameters µSkt
and πSgt .

µSkt
= µ0k + µ1kSkt

πSgt = π0 + π1Sgt
(3.7)

These parameters are allowed to take on two values, dependent on the state (or regime)

random variable Skt, Sgt ∈ {0, 1} for the domestic and global factors. Thus the factor

has a long-run mean of µ0k or π0 in state 0 and (µ0k +µ1k) or (π0 +π1) in state 1. Since

the data used are demeaned growth rates the two states are given the interpretation of

deviations from the average growth rate over the business cycle. We can interpret the

values of µ0k and π0 as the additional growth experienced during an expansionary or

high growth phase of the business cycle and (µ0k+µ1k) and (π0+π1) as the loss of growth

incurred in the low growth or recessionary phase of the cycle. Note that in the case of a

single regime we would have that µ0k = µ1k = 0. A two-state process implies that any

growth lost after entering a low growth phase in the cycle is not recovered after leaving

that regime. Bodman and Crosby (2002) consider the possibility of a third regime, a

high growth ‘bounceback’ phase, which occurs after a low growth or recessionary regime

and returns output to its previous level. Their paper rejects the three-state switching

model using a likelihood ratio test, in favour of the two-state model, a result also found

by Taylor et al. (2005).

The growth parameters are restricted in order to determine the ordering (or labelling)

of states. In particular, the parameters µ0k and π0 are restricted to be positive and

the sums (µ0k + µ1k) and (π0 + π1) are restricted to be negative so that the two states
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reflect the interpretations given above. This ensures that the sampler is consistent in

its generation of state sequences, in the sense that it does not switch ‘labels’ during the

simulations. The model could also be extended to allow the variance of the factors to

differ across regimes. This however complicates the estimation since there is a tendency

to fit models in which a regime represents a single observation and hence has zero

variance (and infinite density). Since the analysis is of growth rates in quarterly data,

the focus is on the differing levels of growth across the business cycle. For this reason

the model assumes constant variance across regimes.

Each of the factors represents comovement that is specific to a particular country and

hence it seems too restrictive to assume that each follows the same regime switching

process. Instead it is natural to think of each common factor as following its own cycle

of expansionary and recessionary phases which may or may not coincide with the cycles

of other countries. For this reason each common factor is dependent upon a separate

state variable Skt, Sgt. The state variables follow independent Markov processes1 in

which the probability of transition between states is conditional only upon the current

state of the process. These processes can be represented by the transition probabilities

pk and qk for the domestic factors and pg and qg for the global factors where:

pk = Pr[Skt = 1 | Skt−1 = 1]

qk = Pr[Skt = 0 | Skt−1 = 0]
(3.8)

with pg and qg given by equivalent expressions.

More generally, we may define St = {S1t, . . . , SKt, Sgt} as the current joint state of the

common factors and condition the transition probabilities on this joint state:

p∗k = Pr[Skt = 1 | St−1] (3.9)

In this case, p∗k represents the probability of the domestic factor for country k

transitioning to state 1 given the current state of each of the other factors, such that

it may take on 2K+1 different values. This general specification is the Multi-chain

Markov switching (MCMS) model of Otranto (2005) and allows the state process of

each domestic factor to be dependent upon the states of the other domestic factors and

the global factor. I proceed by using the standard restriction that the state processes

depend only upon their own current state and are independent of all others and relax

this restriction later on.

1 The Markov chains are assumed to be ergodic and irreducible.
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The model may be cast into state space form in the usual way in which the equations

in (3.2) represent the observation or measurement equations and (3.3, 3.4) are the

transition equations. The matrices can be simplified by first multiplying both sides of

the equations in (3.2) by the lag function ψik(L), which is defined by rewriting equation

(3.5) as ψik(L)eikt = εikt. Grouping the variables for each country into a 3K×1 vector yt =

(Y ∗1t, C
∗
1t, I

∗
1t, . . . , I

∗
Kt) in which Y ∗kt = ψik(L)Ykt, we have the observation and transition

equations:

yt = Hβt + εt (3.10)

βt = µt + Fβt−1 + νt (3.11)

in which βt is a vector of common factors and their lags, µt is the state dependent mean

of the transition equations and εt and νt are vectors of i.i.d. shock terms with diagonal

variance-covariance matrices R and Q. The full state space form for this model is shown

in Appendix B.

3.2 Estimation

The model requires identification of both the magnitude and sign of each of the common

factors. To identify the magnitude I normalise the variance of each of the common

factors to be one i.e. τ 2k = η2 = 1. In order to set the sign of the factors I constrain

the loading of one variable on each of the domestic factors and one variable on the

global factor to be positive. Specifically, output for each country loads positively off

the domestic factor and output for the United States loads positively off the global

factor. The largest model used here contains 174 parameters to estimate, as well as the

values of the nine common factors and inferences about the nine state variables at each

point in time. Estimation of such a large model is clearly difficult, however the use of

Bayesian techniques allows conditional distributions to be used and information placed

on the priors for parameters to assist in the estimation.

Estimation of dynamic factor models in the Bayesian context treats each of the

parameters, as well as the factor and state processes to be estimated as random

variables. Simulating from the joint distribution of these random variables allows their

marginal distributions to be estimated, leading to estimates of the parameters and

their variances. For such a large number of parameters the joint distribution is likely

to be complex or even unknown, however using Markov Chain Monte Carlo (MCMC)

techniques it is not necessary to know the full joint density. By dividing the large
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number of parameters to be estimated into ‘blocks’, we can instead simulate from the

density of one block of parameters conditional on the others.

For a dynamic factor model, we can divide the estimations into appropriate blocks by

considering the following: conditional on the domestic and global factors, the equations

in (3.2) represent a series of simple linear regressions from which it is straightforward

to determine the conditional densities of the coefficient parameters; conditional on

the factors and the coefficient parameters in (3.2) we can easily find estimates of

the idiosyncratic error terms and in turn use these to estimate the autoregressive

parameters and variances in (3.5); conditional on the factors and the state processes,

the equations in (3.3) and (3.4) are simple linear regressions from which we can estimate

the autoregressive parameters and; conditional on the state processes we can determine

estimates for the transition probabilities.

Thus, using conjugate priors for the parameters and conditioning on the factors and

state processes, the dynamic factor equations break down to the problem of estimating

a series of linear regressions.2 The key issue then becomes the simulation of the common

factors and their corresponding state processes. To simulate the unobserved factors I

use the procedure in Carter and Kohn (1994). Briefly, consider the state space form of

the model shown in (3.10) and (3.11). The problem is one of simulating from the joint

probability density p(βt | ỹT ), where ỹT represents all observations of yt up to time T

and the conditioning on all other parameters and state sequences is suppressed. This

density can be expressed as:

p(β̃t | ỹT ) = p(βT | ỹT )
T−1∏
t=1

p(βt | βt+1, ỹt) (3.12)

Since these conditional distributions are normal, it remains only to determine their

expected value and variance in order to simulate values of the factors. The expected

value and variance of each of the terms in (3.12) is given by an expression whose elements

can be determined iteratively from the Kalman filter.

It turns out that a similar method can be used to generate simulated values of the

state sequences. The multi-move Gibbs sampling procedure, motivated by Carter

and Kohn (1994) and used by Kim and Nelson (1998) in the context of a Markov

switching model, provides a procedure to generate the entire sequence of states as a

single block. Using the property of Markov chains, that the current state is conditional

2 More detail on the procedure is available in Appendix C.2.
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only on the immediately past state, we can decompose the joint distribution of states

as follows:

g(S̃t | ỹT ) = g(ST | ỹT )
T−1∏
t=1

g(St | St+1, ỹt) (3.13)

g(St | St+1, ỹt) ∝ g(St+1 | St)g(St | ỹt) (3.14)

These probabilities can be determined using the filter developed by Hamilton (1989)

and the state sequences simulated by first generating random variables from a U(0, 1)

distribution.

The prior distributions chosen for the parameters in the model are conjugate priors, so

as to allow analytical solutions for conditional posteriors. Specifically, the coefficient

parameters (γ, λ, φ, θ, ψ) have N(0, 1) priors and the variance parameters (σ2) have

inverted Gamma priors.3 In the case of the transition probabilities, the parameters

p and q for each state process have priors that are Beta distributions (and hence lie

between 0 and 1). For the mean parameters of the switching domestic and global factors

a Metropolis-Hastings step is performed. This is done in order to accommodate the

use of priors that are non-conjugate, specifically Gamma priors for µ0 and −(µ0 + µ1).

This step ensures that the simulated values of the mean parameters are constrained

as outlined above, such that the two regimes represent periods of above-average and

below-average growth respectively.4

In order to ensure convergence of the sampler, the model was estimated with a range

of starting values as well as a range of chain lengths. Chain lengths of 10 000, 15 000

and 20 000 were used in each estimation with differing starting values and resulted in

no important differences in the estimates, indicating convergence of the chains.

3.3 Data

The variables used for output, consumption and investment are real GDP, final

consumption expenditure of households, and gross fixed capital formation. This data

is collected for each of the G7 nations: Canada, France, Germany, Italy, Japan, the

3 Note that the parameters chosen for this prior make it improper.
4 The use of the ‘Metropolis in Gibbs’ approach is sometimes also used to ensure stationarity in

the AR parameters, see for example Kose et al. (2003), Otrok and Whiteman (1998).
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United Kingdom and the United States from the OECD Quarterly National Accounts.

For Australia the data is obtained from the Australian Bureau of Statistics. Each series

is seasonally adjusted and covers the period 1960Q1 to 2012Q1. Augmented Dickey-

Fuller tests, performed on the level of each series, fail to reject the null hypothesis of

an autoregressive unit root in each case.5

In order to render the data stationary, growth rates are considered by taking the

difference of the log of each series. The growth rates are confirmed to be stationary

and are thus suitable for use in the analysis. It is also important to consider possible

structural breaks in the data. Structural breaks in either the mean or variance of

the growth rates of many macroeconomic aggregates have been found and must be

accounted for in any estimation. In the case of the model considered in this thesis,

the purpose of allowing multiple regimes in the factors is to identify recurring cycles

of above and below average growth in the data. If there exists a structural break in

the mean of the data the model may instead fit the two regimes as pre- and post-

break periods. Since this is not what we wish to identify, it is prudent to account for

any possible breaks in the data. As an example, the analysis of Taylor et al. (2005)

identifies a single regime change in the volatility of Australian GDP at 1984Q2. This

clearly corresponds to a structural break in the variance of the series and obscures any

possible cyclical regimes in the growth rate. For this reason structural breaks should

be accounted for if we wish to identify business cycle regimes.

Structural breaks may be dealt with within the model in a number of ways, such as

using dummy variables to account for known breaks in parameters or by specifying

an additional Markov switching state variable which has an absorbing state in order to

estimate the timing of an unknown structural break. Given the complexity of the model,

I choose to account for breaks in the data before estimation by identifying structural

breaks and demeaning and standardising the data separately before and after a given

break. Quandt-Andrews tests for unknown structural breaks were performed on each

series to identify the breaks in the data.6 The standardisation also ensures that series

with greater magnitude or volatility do not receive greater importance when fitting the

common factors.

A simple summary of comovement between the variables can be obtained by viewing

the contemporaneous correlations. Table 3.1 shows the correlations of growth in output

for the G7 countries and Australia (Table A.3 in Appendix A.2 contains the cross-

5 The results of these tests are in Appendix A.1.
6 The results are available in Appendix A.3.
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correlations for all three aggregates from each country).

Table 3.1: Cross-correlations for output growth in Australia and the G7

AUS CAN FRA GER ITA JAP U.K. U.S.

AUS 1.000
CAN 0.187 1.000
FRA 0.091 0.301 1.000
GER −0.034 0.193 0.437 1.000
ITA 0.103 0.228 0.497 0.358 1.000
JAP 0.110 0.185 0.288 0.229 0.379 1.000
U.K. 0.227 0.313 0.428 0.334 0.273 0.280 1.000
U.S. 0.238 0.504 0.294 0.184 0.201 0.162 0.371 1.000

Correlations between output growths are all positive, with the exception of the

correlation between German and Australian output, which is negative but close to

zero. In fact Australian output, as well as its consumption and investment, generally

has the smallest correlations with the aggregates of all countries. This seems to indicate

that variation in output is likely determined more by Australian-specific than common

global factors. Correlations also appear to be slightly greater for countries within

specific regions, for example the United States and Canada or France, Germany and

Italy. The correlations of aggregates within a country also appear larger than across

countries, however there does not seem to be higher correlations for the same aggregates

across countries, supporting the idea that there exists common shocks specific to each

country, but not shocks common to a specific aggregate across countries.
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4 The Australian Business Cycle

As an initial model of the Australian business cycle I begin with a single country version

of the general model discussed in the previous section, i.e. K = 1. The common factor

estimated in the model, as well as the estimated state sequence provides information

about the nature of the Australian business cycle. The model is able to identify key

features such as the timing and severity of Australian recessions over the sample period,

as well as the expected duration and growth rates of the two regimes of the cycle.

4.1 Results

In order to determine the relative importance of the common domestic factor I

decompose the variance of the three aggregates into their common and idiosyncratic

components. This is easily done by noting that the common factor is uncorrelated with

the idiosyncratic components and hence the variance of each aggregate is simply the

sum of the variances of its two parts.7 For example, the domestic proportion of output

variance is given by:

V Y
d =

(γY )2Var(Dt)

Var(Yt)
, where

Var(Yt) =(γY )2Var(Dt) + Var(eYT )

(4.1)

Table 4.1: Loading coefficients and variance decomposition

γ Domestic Factor Idiosyncratic

Y 0.531 0.364 0.636
(0.082) (0.097) (0.097)

C 0.322 0.116 0.884
(0.072) (0.048) (0.048)

I 0.533 0.252 0.748
(0.073) (0.053) (0.053)

a the standard deviations of posterior distributions
are in parentheses.

Common domestic variation accounts for 36.4 per cent of Australian output, 25.2

per cent of investment and 11.6 per cent of consumption. Common variation seems

7 The variances of the common and idiosyncratic components are unconditional variances which
take into account the autoregressive dynamics of the random variables.
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to play an important role in the growth of the Australian aggregates, although is

much more important in determining output than consumption growth. Whilst the

common factor is important, there are clearly other important factors which determine

these aggregates as the idiosyncratic factors account for the greater proportion of

variance.8

Table 4.2: Estimated regime parameters - Australia

p q µ0 µ1 (µ0+µ1) φ1 φ2

0.758 0.959 0.385 −2.409 −2.024 −0.064 0.009
(0.086) (0.024) (0.138) (0.477) (0.434) (0.136) (0.094)

a the standard deviations of posterior distributions are in parentheses.
b priors for parameters are shown in Appendix C.1.

Persistence in the common factor is determined by both the autoregressive process

and the regime switching process. The transition probabilities p and q describe the

persistence of regimes and allow us to infer the relative proportions of time spent in

each. The prior means for these two parameters were determined using the average

length of peak to trough and trough to peak periods in the Australian business cycle

as dated by the Melbourne Institute,9 although prior standard deviations were kept

large enough to ensure that they were not strongly informative (see Appendix C.1).

The estimate for q, the probability of remaining in the high growth regime, is much

larger than p, the probability of remaining in the low growth regime. This matches

with the commonly held view of the asymmetry of business cycles in which longer

periods of growth are interrupted by shorter, sharper downturns. Conditional on the

current regime, the regime in the next period is given by a Bernoulli random variable

such that the number of periods that the process remains in the same regime is given

by a geometric distribution with parameter (1-p) or (1-q). Using the fact that the

distribution has mean 1
1−q we find that the average duration for the low growth regime

is 1
1−0.959 = 24.39 quarters, or around 6 years. Recessionary regimes on the other hand

have expected duration of 4.13 quarters. In comparison, the average duration identified

by the Melbourne Institute is 20 quarters for expansionary periods and 6 quarters for

contractions. Note that the geometric distribution is memoryless so that the amount of

time spent in the current regime does not impact on the number of periods we expect

to stay in that regime. This assumption can be relaxed by allowing the transition

8 The idiosyncratic component is also likely to contain measurement error and other noise in the
series.

9 These correspond to classical cycles.
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Figure 4.1: Australian common factor

probabilities to vary with the duration of the regime (see for example Filardo and

Gordon (1998), Kim and Nelson (1998)).

Estimates of the autoregressive parameters φ1 and φ2 are close to zero indicating that

the Australia domestic factor is essentially a white noise process within each regime.

This result was also found by Taylor et al. (2005) who suggest that previous findings of

significant persistence in Australian aggregates are likely the result of a misspecification

due to the assumption a single state. The finding suggests that all persistence in

the Australian business cycle stems from the existence of multiple regimes of differing

growth levels, which persist for a number of periods. The long-run means of the two

regimes suggest that in the high growth regime the Australian business cycle grows 0.385

percentage points above average, compared to 2.02 percentage points below average in

the low growth regime. Again, this corresponds to the idea of the longer growth period

and shorter, sharper downturn period. The results suggest that the Australian business

cycle grows at just above its mean growth level for an average of six years before a

one year downturn period in which growth is around 2 per cent under its long-term

average.

The model can also be used to infer the probability of being in the low growth regime
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at each point in time. The posterior probability of being in the low growth regime at

time t is found by counting the proportion of iterations for which the simulated state

sequence is in state 1 at t. Figure 4.1 plots these probabilities along with the estimated

Australian domestic factor. Peaks in the graph reflect periods in which the model

predicts that the business cycle is in a recessionary regime compared to dips in the

graph which reflect growth periods. The model seems to well capture the regimes with

high probabilities of low growth or recessionary periods occurring at the start of the

sample to 1961, the mid 1970s, in the early 1980s, early 1990s, 2000 and 2008-09.

If we take probabilities of greater than 0.5 to indicate that the Australian business cycle

is in the low growth regime, we can compare the timing of these estimates to the dates

of peak to trough periods identified by the Melbourne Institute. The model identifies

four out of the five recessions identified by the Melbourne Institute, missing only the

1976-77 period. In addition, the model also identifies two other periods which are not

counted as recessions by the Melbourne Institute, 2000 and 2008-09. The key difference

between the two sets of dates is in what they are identifying. The Melbourne Institute

dates are the peak to trough periods of classical growth cycles such that the identified

periods represent quarters of negative growth in the Australian economy. The model

used here on the other hand is identifying regimes in which mean growth falls to around

2 per cent below its average level. This may or may not correspond to negative growth

and hence the model will likely identify milder periods of below average growth which

do not correspond to classical cycles, as with the 2000 and 2008-09 periods.

Table 4.3: Estimated recession dates - Australia

Model estimates Melbourne Institute a

1960 Q4 - 1961 Q4 1960 Q4 - 1961 Q4

1974 Q2 - 1974 Q3 1974 Q3 - 1975 Q4

- 1976 Q2 - 1977 Q4

1982 Q2 - 1983 Q2 1981 Q4 - 1983 Q2

1989 Q4 - 1991 Q4 1990 Q1 - 1991 Q4

2000 Q3 - 2000 Q4 -

2008 Q3 - 2009 Q2 -

a Classical cycle peak to trough dates.
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The periods identified represent downturns that can be related to a range of both

domestic and international factors. Maddock (1987) cites domestic factors such as the

removal of import restrictions and the subsequent credit squeeze put in place by the

Menzies government for the 1960-61 recession. In 1974 and again in 1979, oil shocks

were an important international factor leading to world recessions and a collapse in

commodity prices in the early 1980s, however Pagan (1987) notes that domestic factors

were also important at this time including a highly appreciated exchange rate and tight

monetary policy. In the early 1990s many developed countries experienced recession,

however this recession is still seen as related more to domestic factors in Australia,

such as the property price bubble and the delayed response of monetary policy. Of the

periods not counted by the Melbourne Institute, the first reflects a downturn which

was likely related to the introduction of the GST at the time although is also similar in

timing to a recession in the United States caused by the burst of the ‘Dot Com’ bubble

in 2000, which spread to many countries but had only a mild effect on the Australian

economy which had no significant IT industry at the time. The second event clearly

corresponds to the global financial crisis which had at its roots the sub prime mortgage

crisis in the United States. Again Australia was not affect greatly due in part to the

strength of the loan books of Australian banks and in part to the continued growth of

the Chinese economy.

In the following two sections I introduce global business cycles into the analysis in

an attempt to determine whether these events were predominately domestic, or came

from common international shocks. The results suggest that only the 2008-09 period is

characterised by purely global shocks, with the 1974-75 period being composed of both

international and domestic shocks.
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5 The United States as a World Proxy

As a first attempt at identifying the importance of global events for Australia’s real

growth, I begin with a simplified model in which a single country is used as a proxy for

the global business cycle. Comovements in the output, consumption and investment

of the United States are used as a simple measure of the global business cycle. Whilst

capturing the comovements of a large number of world economies would be the best

measure of a global cycle, as a first pass the U.S. economy is likely the best choice

for a single country proxy given its size, influence and relative importance for world

output.10

5.1 The Model

The model is a special case of the general specification for K = 2 countries in which

aggregates from one of the countries (the United States) do not share a common

domestic factor, only the global factor. The three aggregates for Australia can be

decomposed as described above into a global factor, a domestic factor and idiosyncratic

factors:
Y A
t = γYDt + λYAGt + eYt

CA
t = γCDt + λCAGt + eCt

IAt = γIDt + λIAGt + eIt

(5.1)

The U.S. aggregates however represent global economic activity, and hence all common

variation in the United States is captured by the common global factor. Thus the U.S.

aggregates can be decomposed into just two components:

Y U
t = λYUGt + uYt

CU
t = λCUGt + uCt

IUt = λIUGt + uIt

(5.2)

5.2 Data

The correlations between growth rates give a initial idea of the strength of comovement

between the series for the two countries (Table 5.1). As noted earlier the correlations

10 According to World Bank the United States contributed 23 per cent of world output in 2009.
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Table 5.1: Cross-correlations of growth in Y, C and I

Australia United States

Y C I Y C I

Y 1.000
C 0.374 1.000
I 0.523 0.225 1.000

Y 0.238 0.191 0.235 1.000
C 0.129 0.172 0.135 0.630 1.000
I 0.136 0.139 0.137 0.718 0.570 1.000

are all positive, with the relationships between aggregates within countries generally

being stronger than those between countries. It is interesting to note that in comparison

to the United States, Australian aggregates are much less correlated with one another,

indicating that perhaps common shocks play a smaller role in Australia than in the

United States. The Australian aggregates are also much less persistent, with first order

autocorrelations ranging from 0.002 (Y) to 0.108 (C) compared to 0.302 (C) to 0.435

(I) in the United States.

5.3 Results

In all cases the estimated loadings on the common factors are positive such that in

general the aggregates of the two countries tend to move together (Table 5.2), as is

expected given the positive correlations for all variables. For Australia, output and

investment load more off the domestic factor than consumption, and all aggregates

load more off the domestic factor than the global factor. While this gives a good

indication that domestic shocks are more important for Australian aggregates, a

variance decomposition provides a better measure.

Table 5.2: Estimates of factor loading coefficients - Aus/US model

Domestic factor Global factor

λYk λCk λIk γY γC γi

AUS 0.579 0.326 0.543 0.202 0.186 0.173
(0.113) (0.084) (0.087) (0.077) (0.075) (0.079)

U.S. 0.837 0.672 0.767
(0.060) (0.066) (0.066)

a the standard deviation of the posterior distribution is in parentheses.
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Table 5.3: Variance decomposition - Aus/US model

Global factor Domestic factor Idiosyncratic

Australia
Y 0.067 0.388 0.545

(0.043) (0.123) (0.126)
C 0.052 0.113 0.835

(0.036) (0.054) (0.062)
I 0.039 0.250 0.711

(0.030) (0.061) (0.064)
United States

Y 0.791 0.209
(0.051) (0.051)

C 0.539 0.461
(0.071) (0.071)

I 0.611 0.389
(0.063) (0.063)

a the standard deviation of the posterior distribution is
in parentheses.

As with the single country model, the independence of factors allows the variance

of aggregates to be easily decomposed into its three parts, i.e. the variance of each

aggregate is simply the sum of the unconditional variances of the domestic, global and

idiosyncratic factors weighted by their squared loadings. For example, the importance

of the global factor for Australian output growth is:

V Y
g =

(λY )2Var(Gt)

Var(Yt)
, where

Var(Yt) =(γY )2Var(Dt) + (λY )2Var(Gt) + Var(eYT )

(5.3)

These variance decomposition calculations were performed after each iteration of the

sampler simulated parameter values. The average variance decomposition is presented

in Table 5.3 as well as the standard deviation, reflecting both an estimate of the

true decomposition and its uncertainty. The global factor accounts for little of the

variation in Australian aggregates, with the largest contribution being 6.7 per cent

of output growth. The domestic factor contributes about one-third of variation in

Australian output growth and one-quarter of investment, but only around 10 per cent

of consumption. The model suggests that variation in consumption growth is mostly

idiosyncratic and has little comovement with other variables which is perhaps not

surprising given the relatively low correlation the series has with output and investment.
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The results seem to show that whilst there does exist an Australian business cycle, in the

sense of common movements amongst variables, it is mostly important for output and

investment and there are other significant factors which are important for explaining

the movements of these aggregates.

The U.S. variables better reflect the idea of a business cycle, exhibiting much more

comovement with 79.1 per cent of variation in U.S. output growth being captured in

the common (‘global’) factor. As with Australia, consumption is the least in synch with

other aggregates, but in contrast to Australia, the global factor still makes up over half

of U.S. consumption growth. These results are generally similar to those elsewhere

in the literature with output being most characterised by common fluctuations and

consumption least so. While the results seem to indicate that international fluctuations

are unimportant for Australian growth, it is possible that using the United States as

a proxy for global movements does not well capture the world cycle. For this reason I

extend the model to include a broader range of countries in the next section.

Estimates of the parameters in the factor transition equations provide an indication

of several features of the Australian and U.S. business cycles. Estimates of the

autoregressive parameters show that the Australian common factor has very little

persistence with estimates for φ1 and φ2 being close to zero. The U.S. factor on the

other hand, exhibits more persistence with θ1 and θ2 being 0.375 and 0.147. This

reflects the differences seen in the autocorrelations of the data. The result also accords

with the findings of Taylor et al. (2005) who find that once the presence of multiple

regimes is accounted for, Australian GDP growth is best characterised by a white noise

process.

The two regimes of the common factors are characterised by their differing long-run

average growth rates µ0 and (µ0+µ1) or π0 and (π0+π1). As the data are demeaned, the

average growth rate across both regimes is zero and the two regimes represent deviations

from the average. For the Australian common factor, mean growth is 0.325 percentage

Table 5.4: Estimates of regime parameters - Aus/US model

q p µ0 µ1 µ0 + µ1 φ1 φ2

AUS 0.952 0.748 0.278 -1.840 −1.562 0.004 0.035
(0.058) (0.115) (0.157) (0.742) (0.707) (0.105) (0.097)

U.S. 0.948 0.811 0.245 -0.821 −0.576 0.379 0.150
(0.074) (0.134) (0.145) (0.456) (0.446) (0.098) (0.092)

a the standard deviation of the posterior distribution is in parentheses.
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Figure 5.1: Domestic and Global factors - Aus/US model

points above its average rate in the high growth regime and is 1.86 percentage points

below average in the low growth regime. Whilst it would not be correct to perform

standard t-tests to determine if these values are significantly different from zero, since

the values were constrained to be so, we can get an indication of the significance of the

regimes by looking at their posterior distributions. For example, the 99th percentile of

the posterior distribution for (µ0 +µ1) is -0.22 which is different enough from zero that

we may be reasonably confident in the existence of two regimes.

For the global factor we have that in the high growth regime growth is 0.248 percentage

points above average whereas in the low growth regime it is 0.451 percentage points

below average. The difference between the two regimes is clearly much less pronounced

for the common factor. The 99th percentile of the posterior for (π0 + π1) is -0.028

which is much closer to zero and provides little evidence of a two regime process in this

case.

The evolution of the common factors is shown in Figure 5.1. The transitions between

the two regimes are governed by the probabilities p and q. For the Australian factor,

the higher growth regime (q = 0.945) is much more persistent that the below average

growth regime (p = 0.727). Using these transition probabilities to calculate the
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Figure 5.2: Estimated probability of the low growth regime - Aus/US model

expected duration of each regime we find that the average duration for the low growth

regime is 3.66 quarters and the average duration for the high growth regime is 18.18

quarters.

For the global factor the mean duration of the high growth regime is 12.20 quarters

compared to 4.67 quarters in the low growth regime. For both factors the higher

growth regime is more persistent than the low growth one with the limiting probability

of the high growth regime being 0.83 for the Australian factor and 0.72 for the U.S.

factor.11

Figure 5.2 graphs the posterior state probabilities of being in the low growth regime

at each t, with peaks in the graph corresponding to points in time at which the model

predicts with high probability that the domestic or global business cycle is in its low

growth regime. The state probabilities for Australia are similar to those estimated in the

previous section, with the exception that the 1974 and 2008-09 periods no longer show

up as regime switches. This suggests that perhaps these periods were instead related

to global factors, rather than the domestic factor. For the United States (‘global’)

11 These values are calculated using the assumption that the transition matrix is ergodic and positive
recurrent such that is has an invariant distribution.
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factor, the states are not estimated by the model with the same precision. There do

appear to be some peaks in the probabilities however, in 1974, 1980, 1990 and 2008.

Interestingly, while the 1974 and 2008-09 recessions are now captured by the U.S.

factor, the early 1980s and 1990s recessions are shared by both factors. This indicates

that these periods in Australia were either related to both domestic and international

factors, or that domestic factors coincided in both countries to cause similarly timed

recessions.

Evidence from the model presented in this section seems to suggest that shocks to

the U.S. economy have a relatively small impact on Australia. This result seems

somewhat surprising given the commonly held view that ‘when the United States

sneezes, Australia catches a cold’. One possibility is that the relationship between

the two economies is one that is non-linear, an idea explored in Henry and Summers

(2000) and Henry et al. (2002). The former paper uses a threshold autoregression in

which switches in the growth equation for Australian GDP are determined by the level

of U.S. GDP growth, while the latter makes use of a Current Depth of Recession (CDR)

variable in a VARMA model for Australian and U.S. GDP. Both papers find evidence

that changes in U.S. output growth have a non-linear impact on Australian growth,

in particular that negative growth periods in the United States spread to Australia.

In a Markov switching model, this kind of non-linear relationship can be captured by

allowing dependence between the regimes of each factor. This idea is investigated in

Section 7, where the transition probabilities for the Australian domestic regime are

allowed to vary dependent upon the state of the U.S. factor.
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6 The Global Business Cycle: G7 Model

Taking the U.S. economy as representative of the world provides a useful indication of

the relationship between Australia’s real economy and the global business cycle, albeit a

simplistic one. Broadening the range of economies used in the analysis allows for a more

realistic model of world economic activity, but at the expense of increased complexity.

Ideally a very large number of economies, covering a wide range of economic industries,

levels of development and geographic regions would provide the best measure of global

movements, however restrictions, primarily on the availability, quality and frequency of

data prevent this. Perhaps the most comprehensive models of the world business cycle

are provided by Kose et al. (2003) and Kose et al. (2008), who use 60 and 106 countries

respectively in their analyses. Their models use annual data, the highest frequency

available for many of the economies included, whereas the Australian data is reported

quarterly. Since Australia is the focus of this thesis I choose to make use of the data

by employing a smaller set of countries for which data is available at the quarterly

frequency over a relatively long time period (from 1960).

In following with work done by Gregory et al. (1997) I estimate a model of the business

cycles of the G7 countries: Canada, France, Germany, Italy, Japan, the United Kingdom

and the United States, using a much longer data set that covers a 52 year period from

1960 to the first quarter of 2012. In addition I include Australia in this model in

order to determine the extent to which joint movements in the G7, capturing a large

part of the world economy, affect the growth of the Australian real economy. As a

key extension to the model of Gregory et al. and others on global business cycles, I

introduce Markov switching regimes in the common factors. This important addition

allows the domestic and global business cycles to evolve in a non-linear, asymmetric

way and provides information about the timing and average severity of recessionary

periods for the eight countries. Estimates of the regimes for each domestic factor can

be used to draw conclusions about their level synchronisation beyond that captured by

the common dynamic factor.

The model is an eight country (K = 8) version of the general model presented earlier

which includes eight common domestic factors and a common global factor for the 24

aggregates (three series each for eight countries). The estimation of this larger model

required the priors on the transition probability parameters p and q to be fairly tight

in order to correctly identify the regime processes. The priors were chosen by first

estimating a model using only the three aggregates from an individual country with
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a single common factor with Markov switching (the single country model estimated

earlier for Australia). The priors on these single country models could be much looser

and the estimates of the transition probabilities obtained were used to inform the priors

for each of the domestic factor transition probabilities in the larger G7 model. In the

sense that the transition probabilities were initially estimated but subsequently strongly

informed in the G7 model we can think of these parameters as having been ‘calibrated’

rather than truly estimated. As a robustness check the model was also run with looser

priors to determine the impact of the priors for transition probabilities on results. These

priors turned out only to affect the posterior distribution (in particular the standard

errors) of p and q and did not have any significant impact on the other estimates or

interpretations.

6.1 Results

The estimated loading coefficients for the 24 aggregates are shown in Table 6.1. As

expected, all coefficients are positive so that the aggregates from each country move

in general in the same direction as each other both within and across countries. For

Table 6.1: Estimated factor loading coefficients - G7 Model

Domestic factor Global factor

γ̂Yk γ̂Ck γ̂Ik λ̂Yk λ̂Ck λ̂Ik

Australia 0.534 0.322 0.385 0.174 0.223 0.154
(0.133) (0.078) (0.089) (0.051) (0.056) (0.065)

Canada 0.463 0.366 0.259 0.354 0.247 0.298
(0.075) (0.063) (0.071) (0.056) (0.053) (0.070)

France 0.564 0.432 0.333 0.527 0.242 0.427
(0.068) (0.077) (0.065) (0.055) (0.053) (0.062)

Germany 0.731 0.429 0.559 0.392 0.112 0.266
(0.064) (0.071) (0.084) (0.054) (0.047) (0.068)

Italy 0.467 0.402 0.370 0.452 0.242 0.327
(0.052) (0.057) (0.075) (0.060) (0.064) (0.071)

Japan 0.728 0.588 0.425 0.328 0.155 0.267
(0.064) (0.060) (0.075) (0.057) (0.052) (0.075)

U.K. 0.456 0.431 0.243 0.385 0.217 0.262
(0.134) (0.117) (0.082) (0.059) (0.061) (0.059)

U.S. 0.531 0.533 0.369 0.346 0.282 0.381
(0.070) (0.065) (0.073) (0.061) (0.063) (0.076)

a the standard deviations of posterior distributions are in parentheses.
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all countries it is clear that the output series exhibit the most comovement in terms

of their loadings on both domestic and global shocks. The output of France and Italy

appear to be the most susceptible to global shocks with the largest loadings (0.527

and 0.452), while Japan appears least susceptible. Of the G7 countries Japan appears

the least in synch with global movements. For almost all G7 countries, consumption

loads least off of the global factor and investment least off of the domestic factor (the

exception being Germany in which consumption loads least of both factors). Australia

seems the clear ‘odd one out’ with by far the smallest loadings on the global factor. It

also reverses the pattern of consumption loading the least of of the global factor and

investment least off of the domestic factor. As stated earlier however, we must take

into account the relative variation in the factors, as well as in the individual series to

determine the importance of global and domestic shocks.

A better indication of the relative importance of factors can be gained by looking at the

variance decompositions of each aggregate into its domestic, global and idiosyncratic

components (Table 6.2). It is clear that consumption has least in common with global

movements, with the contribution of the global factor being three or four times greater

Table 6.2: Variance decomposition - G7 Model

Domestic factor Global factor

Y C I Y C I

Australia 0.369 0.115 0.120 0.077 0.105 0.042
(0.163) (0.051) (0.044) (0.041) (0.047) (0.031)

Canada 0.274 0.155 0.063 0.303 0.136 0.157
(0.087) (0.052) (0.032) (0.080) (0.053) (0.065)

France 0.372 0.220 0.109 0.552 0.121 0.305
(0.082) (0.067) (0.037) (0.072) (0.048) (0.074)

Germany 0.591 0.200 0.187 0.317 0.029 0.082
(0.087) (0.060) (0.048) (0.068) (0.022) (0.038)

Italy 0.252 0.196 0.115 0.419 0.130 0.172
(0.131) (0.109) (0.044) (0.080) (0.063) (0.069)

Japan 0.659 0.414 0.124 0.260 0.061 0.098
(0.085) (0.061) (0.041) (0.073) (0.037) (0.051)

U.K. 0.280 0.234 0.057 0.353 0.114 0.123
(0.127) (0.094) (0.030) (0.081) (0.057) (0.051)

U.S. 0.370 0.371 0.108 0.272 0.184 0.194
(0.095) (0.090) (0.045) (0.086) (0.074) (0.072)

a the standard deviations of posterior distributions are in parentheses.
b (1- domestic - global) gives the idiosyncratic share of variance.
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for output than consumption in most cases. The decomposition for France is perhaps

the most striking with over half of output variation coming from the global factor, with

Italian output showing a similar result. The results in general are consistent with those

found in other studies, in particular Gregory et al. (1997) also finds that output is most

in synch with global movements and consumption least so and also that the European

nations are most in synch with global movements. One noticeable difference between

these results and those of Gregory et al. is that the importance of the global factor

estimated here is larger, whereas the domestic factor is less important. This may be

due in a large part to the recent global recession in 2008-09. This recession represents

a clear outlier in the global common factor, as seen in Figure 6.2.

The addition of the Australian economy to the model shows how greatly it differs

from those of the G7 nations. The global factor contributes little to the variation in

Australian aggregates indicating that the Australian business cycle is composed more

of domestic shocks than international ones. Only 7.7 per cent of output variation comes

from global movements, far less than any of the G7 countries. Australian consumption

is most related to global movements, although these account for only 10.5 per cent of

variation. As discussed in the previous section, it may be the case that global real

shocks have a non-linear rather than direct affect on the Australian factor, a possibility

analysed in Section 7. In comparison, Kose et al. (2003) find that the world factor

accounts for 19.3 per cent of Australian output, with the domestic factor contributing

a further 65 per cent. Similarly for the other two aggregates their findings suggest

that the world and domestic factors contribute a far larger proportion of variance than

estimated here. These differences likely come from the use of annual data by Kose et al.,

which contains less noise than at the quarterly frequency. Hence, the common factors

will capture more variation and the idiosyncratic factors will be less important.

The evolution of the common factors can be described by their persistence and the

average rates of growth within regimes. This persistence can stem from two sources

in the regime switching model: the autoregressive dynamics and, persistent regimes of

differing growth rates. Estimates for these parameters are displayed in Table 6.3.

The autoregressive persistence of the common factors varies largely between countries.

Canada and the United States exhibit positive serial correlation, whereas the domestic

factors for France, Germany and Japan are negatively correlated over time. Italy

and the United Kingdom on the other hand, show little persistence in their common

factors. Again we find that Australia also shows little persistence in its domestic

factor. The global factor is by far the most persistent with fairly strong positive serial
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Table 6.3: Estimated regime parameters - G7 Model

p q µ0 µ1 (µ0+µ1) φ1 φ2

Australia 0.739 0.956 0.406 −2.399 −1.993 −0.103 −0.005
(0.042) (0.018) (0.175) (0.707) (0.630) (0.168) (0.095)

Canada 0.807 0.977 0.426 −2.903 −2.477 0.110 −0.026
(0.037) (0.010) (0.147) (0.654) (0.636) (0.159) (0.100)

France 0.796 0.966 0.243 −1.283 −1.039 −0.369 −0.112
(0.040) (0.018) (0.107) (0.925) (0.920) (0.133) (0.107)

Germany 0.857 0.898 0.310 −0.577 −0.267 −0.233 −0.118
(0.035) (0.029) (0.142) (0.189) (0.127) (0.098) (0.088)

Italy 0.819 0.954 0.332 −1.205 −0.872 0.069 0.009
(0.038) (0.021) (0.190) (0.582) (0.515) (0.197) (0.100)

Japan 0.823 0.964 0.332 −1.295 −0.962 −0.159 −0.033
(0.038) (0.018) (0.137) (0.349) (0.351) (0.105) (0.092)

U.K. 0.832 0.932 0.729 −2.126 −1.396 −0.076 0.033
(0.034) (0.021) (0.313) (0.795) (0.606) (0.166) (0.100)

U.S. 0.824 0.944 0.440 −1.350 −0.910 0.258 0.109
(0.036) (0.021) (0.190) (0.567) (0.476) (0.167) (0.100)

Global 0.804 0.897 0.187 −0.497 −0.310 0.777 −0.123
(0.056) (0.037) (0.117) (0.221) (0.195) (0.108) (0.097)

a the standard deviations of posterior distributions are in parentheses.
b priors for parameters are shown in Appendix C.1.

correlation, highlighting the importance of the global factor in driving the similarities

in persistence of world economic growth. As noted in Gregory et al. (1997), the

strong serial correlation in the global factor is lessened by the lower, or even negative,

serial correlation in the domestic factors. The idiosyncratic factors are in general not

persistent with the autoregressive parameters being less than 0.20 in absolute value in

almost all cases.

The key extension made in this thesis is the addition of the Markov switching regimes

in the evolution of the common factors. The switching mean parameters describe the

growth rates in the two regimes and suggest that periods of growth and recession

have varying levels of intensity across the eight countries. In the high growth regime,

domestic business cycles grow between 0.243 and 0.729 percentage points above average

per quarter. The low growth regimes differ to a greater extent between countries in

terms of their severity. The Canadian domestic factor for example grows around 2.5

percentage points below its average quarterly growth in its low growth regime, whereas

the German domestic factor grows just 0.27 percentage points below average. Australia

is similar to Canada, having an expansionary period of around 0.41 percentage points
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above average growth and recessionary or downturn periods of around 1.99 percentage

points below average growth. The common global factor however seems to have the

least distinct regimes with an average 0.497 percentage points separating the growth

levels in its two regimes.

As discussed earlier, a simple t-test of the null hypothesis that µ0 + µ1 = 0 would

not be statistically valid, due to the parameter constraints imposed. The difference

between the means µ1 however, provides an indication of whether two regimes do exist,

as opposed to a single regime process. For Australia, the 99th percentile of the posterior

distribution for µ0 +µ1 is -0.419. This is far enough from zero that we can be confident

that two regimes do exist, in fact the 99.9th quantile is -0.133, still reasonably far from

zero. In contrast, the 99th percentile for the mean in the low growth regime of the global

business cycle is just -0.027, providing no strong evidence of two distinct regimes.

The timing of the domestic and global regimes can be seen in Figure 6.1, which graphs

the Australia domestic factor along with the probability of the low growth regime at

each point in time. There are several clear changes in regime for the Australian factor

which reflect periods of low or negative growth. Taking probabilities of greater than

0.5 as evidence of a change in regime we can identify five periods of the low growth

regime for Australia: the start of the sample up to 1961Q4, 1982Q3 to 1983Q2, 1989Q4

to 1991Q4 and the second half of 2000.12 If we compare these results to the estimated

dates from the single country model in Section 4 the only difference is in the absence of

the 1974 and 2008-09 periods as changes in regime. These regime switches are captured

instead in the global factor and suggest that whilst the other recessionary periods in the

sample were mostly related to domestic elements, these periods involved international

shocks to Australian economic growth.

The domestic factors for the other G7 nations and inferred regime probabilities for

each factor are shown in Figures D.1 and D.2 in Appendix D.1. These probabilities

provide important information about the similarities and differences in the timing of

recessionary periods for the eight countries in the model. While many of the regime

changes in the domestic factors appear country specific, there are some similarities in

the regimes of different countries. For example Australia, Canada, the United Kingdom

and the United States all seem to be in recessionary regimes in both the early 1980s

and 1990s. Whilst these were clearly periods of shared recession for these countries, it

is debatable whether they were caused by global factors or by similarly timed domestic

12 A single quarter in 1975 has probability just above 0.5 but is discounted. This follows with the
common idea of a recession constituting two consecutive periods of negative growth.
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Figure 6.1: The Australian domestic factor - G7 Model

ones. The 1970s represented the a decade of particularly high inflation and oil price

shocks. This prompted a strong response from many countries in their monetary stance,

leading to recessions in the early 1980s that were contemporaneous but arguably caused

by similar domestic policy responses, rather than international factors.13 This global

recession lead to the end of the mining boom and a fall in commodity prices, however

other domestic factors contributed to the Australian recession such as the high exchange

rate, high real unit labour costs and tight monetary policy. Similarly, in the early

1990s monetary policy is often cited as the cause of recession in Australia, although

Stapledon (2011) argues the importance of property market price bubbles (particularly

in commercial property) in Australia, which were also present in a range of countries

at the time such as the United States and Japan.

For the common global factor, regime probabilities are relatively flat across the sample

period, with the exception of a peak in 2007 to 2009 reflecting the global financial crisis.

If we take probabilities of greater than 0.5 as evidence of regime switches in the global

factor then recessionary regimes occurred only in 2007Q4 to 2009Q1, corresponding to

the global financial crisis. A single quarter in 1974Q4 also has a probability over 0.5

13 There is a large literature on the comovement of world inflation, see for example Ciccarelli and
Mojon (2010) and Gerard (2012).
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Figure 6.2: The common global factor - G7 Model

and relates to recessions related to an oil price shock. The results seem to suggest that

while a global factor contributes significantly to the variation and level of persistence in

the output, consumption and investment of the G7 countries, switches between growth

and recessionary periods appear to be more country specific. The exception to this

is perhaps the global financial crisis where a switch in regime seems to occur in the

common global factor but not in all of the domestic factors indicating that this event

was truly global in nature, in the sense that it impacted upon all countries in the

sample.

Using this global factor and the Australian domestic factor, we can break down

Australian output into its components in order to see whether global or domestic shocks

contributed most to economic downturns. Figure 6.3 graphs Australian output growth

along with the Australian domestic factor and the global factor both weighted by their

respective factor loadings, i.e. γYAUSDAUS,t and λYAUSGt. The relatively small fluctuation

in the red line of the figure highlights how global shocks appear to have had little

impact on output growth over the sample period. Examining the low growth regimes

identified earlier we can see that in each downturn the domestic factor has contributed

the majority to output growth. The exceptions to this are the 1974 recession and
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Figure 6.3: Breakdown of Australian ouput - G7 Model

the global financial crisis. In 1974 both domestic and global shocks appear to have

contributed to the fall in growth, although the following recession in 1976 is related to

the domestic factor. In 2008-09 global shocks contributed most of the fall in output

growth, with domestic factors being a positive influence during the period. All other

downturns in output growth however, in the early 1960s, 1980s, 1990s and 2000, all

appear to be mostly comprised of shocks to the domestic factor.

Table 6.4 shows the correlations of the output, consumption and investment growth in

each country with their domestic factor and the common global factor. It is clear that

output is the most related to both the domestic and global common factors. Comparing

these to the cross-country correlations in Table 3.1 we can also see that each country’s

output is more correlated with the common global factor than with any other country’s

output (although for Canada and the United States the correlations are close) indicating

that the global factor well captures common variation amongst the series.

It is also interesting to look at the correlations between the common factors, shown in

Table D.1 of Appendix D.1. Correlations between the domestic factors and the global

factor are reasonably close to zero in most cases, with the exception perhaps being

the Italian factor, supporting the identification assumption of independence. There

are some important correlations between domestic factors however, which indicate that
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Table 6.4: Correlations with the common factors - G7 Model

Domestic factor Global factor

Y C I Y C I

Australia 0.877 0.526 0.652 0.241 0.323 0.229
Canada 0.782 0.627 0.537 0.544 0.381 0.449
France 0.750 0.581 0.445 0.772 0.351 0.645
Germany 0.862 0.534 0.672 0.570 0.155 0.391
Italy 0.768 0.693 0.645 0.690 0.418 0.523
Japan 0.896 0.748 0.563 0.491 0.233 0.433
U.K. 0.796 0.753 0.425 0.598 0.351 0.409
U.S. 0.800 0.794 0.659 0.539 0.447 0.547

not all of the common variation is being captured by the model. In particular the

Canadian and U.S. factors have a correlation of 0.450 and there also exist positive

relationships between the United States and the United Kingdom, and Canada and

Australia. The strong correlation between Canada and the United States was also

noted by Gregory et al. (1997) who suggested combining these into a single ‘North

American’ factor. This certainly seems reasonable, although the Markov switching

would then only capture changes in regime that are common to both countries. Given

the high correlations between Australia, Canada, the United Kingdom and the United

States, I also estimate a model of only these four countries to see if perhaps common

movements in these nations are more important to Australian growth than movements

in the whole G7.

The variance decompositions from this model clearly show that the four-country

common factor explains far more of the Canadian and U.S. aggregates than the full

eight country model did.14 There is also a small increase in the variation explained for

Australian aggregates, although this is not true of the United Kingdom. In Figure D.4,

the common factor extracted from this model is plotted with the global factor of the G7

model, along with their state probabilities. The two common factors have a correlation

of 0.736 and display some differences, presenting evidence for the existence of an ‘area’

common factor in addition to the global factor. Interestingly, the four-country factor

appears to lead the G7 global factor during some periods, particularly after the 1980s.

It could be that movements in one region (the United States, United Kingdom and

Canada) influence movements in the rest of the world either directly or indirectly

through regime switches. This result was also found by Monfort et al. (2004) who

14 Results are presented in Table D.2 in Appendix D.1.
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show that movements in a North American common factor do have a significant lagged

impact on a European common factor.

6.2 Removing the influence of the Global Financial Crisis

The global recession in 2008-09 appears to have had a significant impact on the

estimation of the common global factor and hence may also have impacted strongly

on the loadings of aggregates on this factor. In order to determine what influence

this period may have had on the results above, I re-estimate the model for the period

1960 to 2005. The new global factor is almost identical to the former, in fact they

have a correlation of 0.994 (Figure D.5), however the factor loadings and variance

decompositions have changed noticeably for most countries. The contribution of the

global factor appears to fall, with the contributions of the domestic factors increasing

for most countries. The significant size and global effect of the 2008-09 global financial

crisis appears to have increased the level comovement estimated by the model.

An analysis of the estimated common factors and regimes for the reduced sample

Table 6.5: Variance decomposition - G7 Model 1960 to 2005

Domestic factor Global factor

Y C I Y C I

Australia 0.301 0.092 0.106 0.050 0.072 0.035
(0.199) (0.056) (0.057) (0.041) (0.046) (0.035)

Canada 0.400 0.188 0.080 0.166 0.058 0.049
(0.110) (0.056) (0.041) (0.079) (0.040) (0.041)

France 0.413 0.225 0.108 0.492 0.117 0.264
(0.097) (0.078) (0.043) (0.082) (0.053) (0.081)

Germany 0.638 0.300 0.183 0.204 0.027 0.061
(0.106) (0.077) (0.052) (0.068) (0.025) (0.036)

Italy 0.323 0.191 0.125 0.248 0.100 0.090
(0.160) (0.106) (0.049) (0.082) (0.061) (0.057)

Japan 0.790 0.404 0.149 0.126 0.040 0.065
(0.083) (0.063) (0.045) (0.060) (0.030) (0.043)

U.K. 0.383 0.292 0.066 0.188 0.075 0.082
(0.135) (0.094) (0.032) (0.077) (0.049) (0.045)

U.S. 0.484 0.434 0.150 0.121 0.087 0.122
(0.101) (0.089) (0.058) (0.070) (0.056) (0.062)

a the standard deviations of posterior distributions are in parentheses.
b (1- domestic - global) gives the idiosyncratic share of variance.

43



appears very similar to the full sample results. The estimates of the average growth

rates in the low growth regimes are somewhat closer to zero, reflecting the effect of

the large negative growth period in 2008-09. For Australia however, growth in the low

growth regime is more negative, by around 0.4 percentage points, perhaps reflecting

the relatively small impact the recession had on Australian growth. Interestingly, the

regime probabilities for the global factor also appear to capture more switches. Four

periods are inferred to be in the low growth regime fro the global cycle, 1973Q3 to

1974Q4, 1980Q1, 1991Q4 to 1993Q1 and 2001Q2. Ignoring the periods which do not

last longer than one quarter, the model now also finds the early 90s recession to be a

global event.

6.3 Changes in global co-movement over time

In order to get some idea of how the strength of the relationship between output and the

global factor may have changed over the sample period, I graph their correlation over

a five-year rolling window. Figure 6.4 shows the average correlation across the seven

countries with the individual graphs shown in Figure D.3 in Appendix D.1. While there

has been some fluctuation in the correlation over time it has generally been stable at

around 0.5. The clear exception is around 2008 when the correlation between G7 output

and the global factor jumps to around 0.9 reflecting the magnitude and shared nature

of the crisis. For individual countries there seems to have been no major change in

the synchronisation of business cycles over time, with drops in correlations occurring in

periods where a country has a major event, such as a recession, that is country specific

and rises in correlation occurring during periods of common events. In contrast to these

results, Monfort et al. (2004) find that correlations of output and the common global

factor have been declining over time for the G7 nations, particularly for the United

States and Japan.15

For Australia the correlation with the global factor has generally been lower and more

volatile than that of other countries. One notable feature is the absence of the jump in

correlation observed in each of the G7 nations at the end of the sample. This highlights

the fact that the Australian economy seems not to have been affected by the global

financial crisis to the extent that most other developed economies were. A slight upward

trend is also evident, perhaps suggesting an increase in Australia’s synchronisation with

the global cycle over the sample period.

15 Monfort et. al. do not estimate country-specific factors in their model.
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Figure 6.4: Correlation between output and the global factor∗

∗Correlations computed over a 5-year rolling window.

The increase in correlation between Australian output and the global cycle over the

sample period suggests that perhaps the results found earlier are representative of

the average relationship over the 52 year sample period, rather than the more recent

relationship existing between Australia and the global economy. The dynamic factor

model assumes that the loadings on the common factors are constant across time,

but this assumption may be too restrictive. A stronger link between Australian real

aggregates and the global business cycle existing currently may be masked by a weaker

relationship existing in the first half of the sample. To investigate this possibility

I re-estimate the model over four sample periods: 1960-1980, 1970-1990, 1980-2000

and 1990-2012. Comparing the variance decomposition results over the four sample

periods provides an insight into whether the synchronisation of economies has varied

over time.

Figure 6.5 graphs the proportion of variation in Australian output, consumption and

investment growth that is explained by the global factor for each of the four sub-samples.

There does not appear to have been a clear increase in the impact of the global factor

over time, other than a slight increase for consumption. The global factor explained

only 3.6 per cent of consumption in the 1960 to 1980 period whereas in the most
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Figure 6.5: Proportion explained by global factor - G7 model

recent two decades around 20 per cent of consumption movements come from global

variations. Interestingly, while the global factor appears to increase in importance

for output and investment over the 1960 to 2000 period, in the last sub-sample there

is a clear drop. This perhaps is due to the influence of the global recession, which

contributes significantly to the global factor when included in the sample but does not

have a significant impact on Australian output and investment, or may be linked to the

growing importance of China over this latest period.

Looking at the average results for the G7 there appears to be an increase over time in

the importance of global comovements. The average proportion of output explained by

the global factor rose from 22.5 per cent to almost 50 per cent over the four sub-sample

periods, with similar increases for consumption and investment. The results seem to

support the idea of globalisation in world economies and economic cycles and suggest

that a model which allows loadings on the global factor to vary across time may provide

interesting conclusions about changes in global synchronicity.
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7 Allowing for Dependence in Regimes

In the dynamic factor model used thus far, the evolution of the common factors is

dependent upon the current state in which the process is in. Specifically, the long-run

mean of the common domestic factor for country k is determined by a state process

Skt that is independent of the state processes for the other domestic factors and the

global factor. As discussed in the previous section, whilst each domestic factor clearly

experiences regimes that are specific in timing to that particular country, there do

seem to be some periods in which several countries experience contemporaneous, or

near synchronous, changes in regime (Figure D.2 in Appendix D.1). For example, in

1990 there is a switch to the low growth regime for Australia, Canada, the United

Kingdom and the United States. This suggests the assumption that state processes are

independent may not be correct and that a better model of the relationship between

Australia and international economies should include some channel in which the current

regime of other domestic factors can influence the regime of the Australian domestic

factor.

7.1 A model with interdependent transition probabilities

In the models estimated previously, the probability of transition between regimes for

each common factor could be expressed as follows

pk = Pr[Skt = 1 | Skt−1 = 1]

qk = Pr[Skt = 0 | Skt−1 = 0]
(7.1)

where we only need to condition on Skt−1 due to the Markov property (only the most

recent state is relevant) and the independence of the state processes. The transition

probabilities for each state process can be written in the matrix form

(
q 1− q

1− p p

)
(7.2)

where element (i, j) of the transition matrix represents the probability of transitioning

to state j given that the process is currently in state i. Since there are two possible

states at each point in time there are 22 = 4 transition probabilities, however using the
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fact that each row of the matrix must sum to one we can summarise these using two

parameters p and q.

More generally, we may define St = {S1t, . . . , SKt, Sgt} as the current joint state of the

common factors and condition the transition probabilities on this joint state:

p∗k = Pr[Skt = 1 | St−1] (7.3)

In this case there are 2K+1 possible joint states at each point in time and hence the

transition matrix is a 2K+1 × 2K+1 matrix. For the eight country model of the G7 and

Australia this implies a large number of parameters to estimate, and hence I choose

instead to estimate a series of two country models similar to the model for Australia and

the United States estimated in section 5. Consider as an example the case of Australia

and the United States, with the state sequences SAt and SUt respectively. For this two

country model the transition matrix is the following 4× 4 matrix:


p00,00 p00,01 p00,10 p00,11

p01,00 p01,01 p01,10 p01,11

p10,00 p10,01 p10,10 p10,11

p11,00 p11,01 p11,10 p11,11

 (7.4)

where pij,kl = Pr[SAt = k, SUt = l | SAt−1 = i, SUt−1 = j].

As with equation (7.2), there are a number of restrictions which apply to the

probabilities above and reduce the number of parameters to be estimated. First

note that we can use Bayes rule and the Markov property to rewrite the transition

probabilities above as follows:

pij,kl = Pr[SAt, SUt | SAt−1, SUt−1]

= Pr[SAt | SAt−1, SUt−1, SUt] Pr[SUt | SAt−1, SUt−1]

= Pr[SAt | SAt−1, SUt−1] Pr[SUt | SAt−1, SUt−1] (7.5)

Thus the transition probabilities can be represented by the 16 probabilities:

Pr[SAt = k | SAt−1 = i, SUt−1 = j] and Pr[SUt = k | SAt−1 = i, SUt−1 = j] for

i, j, k = 0, 1. Using the fact that each process must transition to either state 0 or 1 we

can apply the restrictions: Pr[SAt = 0 | SAt−1, SUt−1] + Pr[SAt = 1 | SAt−1, SUt−1] = 1

and Pr[SUt = 0 | SAt−1, SUt−1] + Pr[SUt = 1 | SAt−1, SUt−1] = 1 to reduce the number of

48



parameters required to eight.

To simplify the model further I impose the additional restriction that the Australian

domestic state process does not affect the other domestic state process (in this example

the United States). This restriction is based upon the idea that Australia is a small

open economy and thus is affected by, but is not able to affect, large international

economies. This implies two further restrictions on the parameters in the transition

matrix:

Pr[SUt = 0 | SAt−1 = 0, SUt−1] = Pr[SUt = 0 | SAt−1 = 1, SUt−1] (7.6)

Pr[SUt = 1 | SAt−1 = 0, SUt−1] = Pr[SUt = 1 | SAt−1 = 1, SUt−1] (7.7)

Thus, the model involves six transition probability parameters which describe the

transition of the two state processes, conditional on the joint state. The estimation

procedure for these parameters is analogous to the procedure in the earlier models

using Gibbs sampling and is described in Appendix C.2.

The two country model with dependent state processes is estimated for Australia and

each of the G7 countries separately. Since we are interested in explaining the residual

variation in Australian growth that does not come from common global movements,

the global factor estimated in the G7 model is removed from each of the aggregates

by subtracting the product of the factor loading and common global factor, i.e. Y ∗kt =

Ykt − λYk Gt for each aggregate from each country. The model setup is essentially the

same as the Australia/US model estimated in section 5. Each Australian aggregate

is composed of a common factor shared between both countries, a common domestic

factor and an idiosyncratic factor. The G7 country aggregates are composed of only

the shared common factor and an idiosyncratic factor. Thus, the G7 economy is able

to affect the evolution of the Australian domestic cycle in two distinct ways:

1. Directly through the loading of Australian aggregates off of the shared common

factor, and

2. Indirectly through the influence of the state of the shared common factor on the

probability of the domestic factor switching regimes.
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7.2 Results

We would expect that, as Australia is seen as a small open economy, international

shocks in the form of regime changes would be likely to spread to Australia and lead

to a possible change in regime domestically. If for example, Australia is in a high

growth period (regime 0) and the United States falls into a recession (regime 1) then

it should become more likely for Australia to also switch regimes. Specifically, denote

q0 the probability of Australia remaining in the high growth regime given that the

United States is also in regime 0 and q1 the same probability but conditional on the

United States instead being in regime 1. Since we expect that a United States recession

would increase the probability of a recessionary regime in Australia it should be that

q0 > q1. Similarly, if we denote p0 and p1 the probabilities of Australia remaining

in a recessionary regime conditional on the United States being in regime 0 and 1

respectively, then we expect that p0 < p1. Note that the priors used for these parameters

are very diffuse, in order to ensure that parameters are not restricted in any way.16

Table 7.1 reports the estimates of the four transition probabilities relating to the

Australian domestic regime for the cases in which Australia is paired with each of

the G7 nations. The differences between the two corresponding probabilities p1 − p0
and q1 − q0 are also reported along with their standard errors.

Of the seven countries only Canada, the United Kingdom and the United States have

the expected signs for p1 − p0. For the United States and the United Kingdom the

difference is 12.9 and 15.8 per cent respectively indicating that if Australia is currently

in a low growth regime then a switch in either the U.S. or U.K. economies to the high

growth regime increases the probability of Australia also switching. In comparison there

is only an increase of 3.5 or 5.1 per cent in the chance of switching to a low growth

regime when the U.K and U.S. economies respectively are in recessions. The evidence

seems to suggest that these economies are more likely to pull Australia out of recession

than drag it in to one. It should be noted however that the standard errors on these

estimates are fairly large with around one-quarter of simulations giving an opposite sign

for the differences in transition probabilities.

For the case of Canada the results are much more significant however, with only

5 per cent of posterior simulations for p1 − p0 being negative and 6 per cent of

q1 − q0 simulations being positive. The correct interpretation of this result is unlikely

to be that the Canadian economy has a particularly important effect on Australia

16 The priors are Beta(1,1) with mean 0.5 and standard deviation 0.29.
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Table 7.1: Estimates of transition probabilities - interdependent regimes

p0 p1 p1 − p0 % < 0 a q0 q1 q1 − q0 % > 0 a

CAN 0.448 0.826 0.378 0.050 0.936 0.684 −0.252 0.060
(0.160) (0.159) (0.222) (0.077) (0.198) (0.197)

FRA 0.669 0.143 −0.192 0.707 0.915 0.748 −0.167 0.330
(0.143) (0.291) (0.307) (0.145) (0.234) (0.229)

GER 0.639 0.539 −0.100 0.632 0.934 0.918 −0.025 0.369
(0.152) (0.229) (0.269) (0.043) (0.073) (0.072)

ITA 0.647 0.503 −0.144 0.667 0.936 0.906 −0.029 0.397
(0.128) (0.258) (0.287) (0.056) (0.088) (0.080)

JAP 0.659 0.462 −0.197 0.746 0.944 0.888 −0.056 0.298
(0.136) (0.243) (0.279) (0.044) (0.121) (0.117)

U.K. 0.569 0.698 0.129 0.266 0.938 0.904 −0.035 0.310
(0.158) (0.181) (0.223) (0.070) (0.088) (0.070)

U.S. 0.546 0.704 0.158 0.245 0.936 0.885 −0.051 0.275
(0.162) (0.214) (0.271) (0.069) (0.103) (0.099)

a. refers to the proportion of the simulated posterior distribution that is < or > zero.

through say trade or financial linkages, but more likely that both economies react

to similar exogenous shocks. Like Australia, a large proportion of Canada’s major

exports involve minerals and other natural resources and so it is likely that shocks

affecting these industries have an important impact on both Canada’s and Australia’s

economic growth. I investigate this possibility in the following section by testing

whether commodity prices Granger cause growth in the Australian common factor.

Whilst commodity prices are one possible cause of the relationship between Canadian

and Australian regime changes, one other possible source is similar policy reactions to

domestic shocks. For example, monetary policy reactions to periods of high domestic

inflation or asset price bubbles may lead to similar periods of economic downturn if

these domestic events occur at similar times. This is likely however to also be a source

of similarity with other countries with similar monetary policies such as the United

States as well as just Canada, although it is interesting to note that both Australia and

Canada moved to inflation targeting at similar times in the early 1990s.

Table 7.2 shows the proportion of variance in the Australian aggregates that is explained

by the common factor. Since the global factor has been removed from each of

the aggregates, variance decompositions show the residual effect of each country on

Australia’s growth above that explained by common global movements. The common

factor explains very little of the variation in Australian aggregates, in most cases less

than one per cent, indicating that the global factor well summarises the effect of G7
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Table 7.2: Variance decomposition - interdependent regimes

Y C I

CAN 0.015 0.008 0.013
(0.028) (0.013) (0.028)

FRA 0.041 0.015 0.019
(0.121) (0.031) (0.066)

GER 0.066 0.027 0.008
(0.038) (0.023) (0.011)

ITA 0.004 0.013 0.006
(0.006) 0.017) (0.008)

JAP 0.007 0.004 0.004
(0.010) (0.006) (0.005)

U.K. 0.014 0.010 0.006
(0.017) (0.012) (0.008)

U.S. 0.010 0.006 0.006
(0.014) (0.009) (0.009)

economies on Australia. The evidence seems to indicate that rather than directly

affecting the Australian economy, international shocks only spread to Australia with a

certain probability by influencing the transition between low and high growth regimes.

For example, while many economies entered recession during the global financial crisis,

the effect was much smaller in Australia due to positive influences both domestically and

from China. Hence a regime switch in one or more countries, even large economies such

as the United States, does not guarantee an Australian recession but rather increases

its likelihood. An interesting extension would be to test whether common switches in

a group of countries have a greater impact on Australian transition probabilities, than

does any one country.
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8 Testing International and Domestic Factors

Whilst the common global factor does not appear to drive the growth in Australian

output, consumption and investment, there do appear to be common patterns in growth

rates between Australia and some countries. As an attempt to identify important

international and domestic factors impacting on the Australian business cycle, Granger

causality tests are performed to determine if any series hold significant predictive

power for the Australian common factor. The regression used for each test is the

following:

yt = c+ φ1yt−1 + φ2yt−2 + φ3yt−3 + φ4yt−4+

γ1xt−1 + γ2xt−2 + γ3xt−3 + γ4xt−4 + εt
(8.1)

where yt represents the Australian common factor, extracted from the G7 plus Australia

model, and xt the international or domestic series to be tested. Given the large number

of tests performed a consistent number of lags was chosen for the tests, which allows

variables to have a one year lagged impact on the Australian business cycle.

The variables tested represent a range of international and domestic series that are

commonly cited as being important, or having predictive power, for economic growth.

For example, commodity prices are normally seen as being an important international

factor for Australia as a large exporter of natural resources. Similarly, demand from

China for these resources is also likely to be important for Australian economic growth.

Several financial series are also used, including the All Ordinaries as a measure of

Australian markets and the S&P500 as representative of world conditions. The domestic

variables were chosen on the basis of being included as either leading or coincident

indicators in a range of indices for the Australian business cycle.17

Table 8.1 reports the sum of the four coefficients of the xt−i (
∑

i γi) as well as the

p-value of a test of the joint significance of the four lags. Each of the explanatory

series was standardised to make the magnitudes of coefficients more comparable across

the tests. For the international series, the signs of the effects are as expected in

most cases, with increases to commodity prices and Chinese growth having a positive

effect on Australia and increases in oil prices and share market volatility negatively

affecting growth. Chinese GDP appears to have the largest effect on the Australian

business cycle and is the closest to significance at the 5 per cent level (it is statistically

17 These included indices from the Melbourne Institute, the Conference Board and the Australian
Bureau of Statistics.
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Table 8.1: Tests for Granger causality - Domestic factors

∑
i γi p-value

International factors
Chinese GDP 0.3215 0.059
Commodities 0.1506 0.193
Oil price −0.1924 0.556
S&P 500 0.0308 0.433
Terms of trade −0.0058 0.724
Term spread 0.0235 0.295
TWI 0.1119 0.508
VIX −0.0539 0.956
Domestic factors
All Ords 0.0529 0.979
Business confidence 0.3066 0.139
Consumer confidence 0.3295 0.013
Building approvals 0.3858 0.412
Employed persons 0.1040 0.766
Private GOS −0.1289 0.612
Disposable income −0.1672 0.119
Industrial production −0.1009 0.280
Money supply −0.1200 0.641
MFPb 0.0190 0.435
Retail spending 0.1200 0.318

a information on data series used is available in Appendix A.4.
b annual data; domestic factor is the average of four quarters.

significant at the 10 per cent level). Calculating the long-run multiplier18 indicates that

a one standard deviation increase to Chinese quarterly GDP growth will increase the

Australian common factor by 0.534 percentage points after one year. Given the loadings

on the Australian domestic factor, this would correspond to a 0.285 percentage point

increase to output growth after four quarters. No other international variables appear

to be statistically significant in these tests, although in terms of magnitude commodity

prices, oil prices and the trade-weighted index appear to have important effects on

Australian economic growth.

For domestic effects, the measures of business and consumer confidence appear to have

the most predictive power for the domestic factor. This may reflect the impact of

business and consumer confidence on investment and spending in the economy, but

could also be linked to fact that these measures may contain information about future

18 The long-run multiplier is given by
∑

j γj

1−
∑

i φi
.
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Table 8.2: Tests for Granger causality - Idiosyncratic factors

Output Consumption Investment∑
i γt−i p-value

∑
i γt−i p-value

∑
i γt−i p-value

International factors
Chinese GDP 0.1658 0.206 −0.0793 0.924 0.1857 0.233
Commodities −0.0049 0.291 0.0094 0.791 0.0971 0.643
Oil Price −0.1618 0.193 −0.0892 0.172 −0.1291 0.755
S&P 500 0.1142 0.532 0.0053 0.658 0.0417 0.663
Terms of Trade −0.0943 0.303 0.0449 0.316 −0.0470 0.555
Term Spread 0.0523 0.660 −0.0520 0.316 0.0274 0.341
TWI −0.0794 0.688 0.2955 0.147 −0.0438 0.118
VIX −0.0823 0.573 0.0749 0.678 −0.0995 0.829
Domestic factors
All Ords 0.1224 0.832 −0.0259 0.613 −0.0074 0.275
Business confidence 0.0839 0.613 0.0837 0.390 0.1985 0.315
Consumer confidence −0.0499 0.216 0.0716 0.754 0.1236 0.493
Building approvals 0.0726 0.483 −0.0650 0.168 0.4155 0.127
Employed persons −0.0614 0.819 0.0004 0.157 0.0425 0.778
Private GOS −0.0832 0.868 −0.2135 0.584 0.3455 0.045
Disposable income −0.1160 0.088 −0.0590 0.441 0.1258 0.773
Industrial production −0.0982 0.045 0.0190 0.465 −0.0184 0.534
Money supply −0.0855 0.770 −0.0431 0.801 0.1866 0.066
MFP −0.0048 0.810 0.0342 0.002 −0.1870 0.554
Retail spending −0.0484 0.756 0.0318 0.715 0.2250 0.063

changes in regime. After controlling for changes in regime by including lagged values

of the state probabilities in the regression, consumer confidence is no longer significant

indicating that its usefulness in predicting growth comes from its predictive ability for

regime switching. Building approvals appears to have the largest impact on growth,

although it is not statistically significant. Interestingly, disposable income comes close

to significance at the 10 per cent level although has a negative predictive implication

for growth. The reason for this result is not clear, although it may be related a mean

reversion effect.

The same tests were also performed on the idiosyncratic part of each aggregate, e.g. for

output yt is given by Yt−γYDt−λYGt (Table 8.2). Internationally, the magnitudes of the

sum of coefficients are generally quite small, and the hypothesis of Granger causality

is rejected in each case. Chinese GDP growth does appear to have an economically

significant impact on the idiosyncratic growth of output and investment, and the trade-

weighted index has an economically significant effect on consumption growth. For
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the domestic variables, industrial production is significant at the five per cent level

and disposable income at the 10 per cent level for output growth. Again, the signs

of these results seem surprising but may be explained by a mean reversion effect in

output that is not fully captured by its own lags. Gross operating surplus and the

money supply are significant at the 5 and 10 per cent levels respectively for investment

growth. Finally, multifactor productivity is statistically significant, but perhaps not

economically significant, for consumption growth. It should be noted that there is no

persistence in the idiosyncratic growth of consumption and very little persistence for

investment. Thus, we should not be surprised that very few variables are significant,

either statistically or economically, in these tests. As an additional note, the lack of any

persistence in the idiosyncratic consumption series accords with the permanent income

hypothesis, i.e. that predictably transitory movements in economic activity should be

smoothed over when households determine their level of consumption.

Whilst these results are far from conclusive they suggest that domestic factors may

play a more significant role in determining Australian business cycle growth than

international ones. A better idea of the driving factors behind Australian economic

growth would require a fully specified model of the economy. Such a model should have

a focus on mostly domestic factors for economic growth, although it should include

some channel for Chinese demand and commodity prices.
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9 Conclusion

9.1 Discussion of results

The Australian business cycle was decomposed into both domestic and global parts

by considering the comovement in a range of foreign business cycles. The G7 model

of Gregory et al. (1997) was extended to include Australia and was estimated using

quarterly data from 1960 to 2012, a sample period over twice as long as the original

analysis. The results show that only a small proportion of variation in the growth rate

of the Australian aggregates came from common global movements. Whilst the global

factor was important in explaining the variation, and hence comovement, of the G7

nations this was not the case for Australia. Common global movements explain only

7.7 per cent of Australian output growth, compared to between 26 and 55 per cent

for the G7 nations. Breaking down Australian output growth into its three component

series shows that there are only two periods in sample in which shocks to the global

factor play a key role. Global movements appear to explain part of the recession in

1974 and almost all of the the fall in output growth during the 2008-09 global financial

crisis, however all other periods of low growth or recession in the sample period appear

to come from shocks to the domestic factor.

The addition of Markov switching in the mean growth of the common factors indicates

that while the common global factor does not appear to have multiple regimes, domestic

factors are characterised by two regimes of differing growth rates. The Australian

domestic factor appears to switch to a low growth regime four times during the sample

period: 1960-1961, 1982-1983, 1989-1991 and in 2000. The 1974 and 2008-09 periods

which were picked up in the single country model as changes in regime are not counted

as regime switches for the domestic factor, but are instead regime switches in the

global factor. While most downturns in Australian economic growth are captured by

the domestic factor, the timing of regimes in the Australian factor is similar to the

regimes of Canada, the United Kingdom and the United States. It could be that there

are shocks shared by this subset of countries and not the others, or that domestic events

are similarly timed in each country. Estimating a model of these three countries and

Australia leads to only a small increase the importance of the group common factor

for Australian aggregates however and still indicates that domestic shocks are most

important for Australia. The correlation of Australian output growth with the global

factor does appear to increase somewhat across the sample period, although estimates

of the model for four 20 year sub-samples indicate an increase in the importance of the
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global factor up to 2000 and a drop in importance afterwards. This could reflect the

growing importance of China as a source of economic growth for Australia over the past

decade and a half.

As a further extension, the impact of changes in foreign domestic regimes on the

Australian regime process was investigated by allowing the transition probabilities of

the Australian domestic factor to change depending on the current state of another

country. This analysis found some support for the idea that the United States or United

Kingdom regimes affect the probability of Australia switching regimes. In particular,

U.S. and U.K. regimes appear to impact the probability of Australia leaving a recession

more strongly than the probability of entering one. The Canadian regimes have the

strongest impact on Australian regimes in both directions, although the effect is not

likely a causal one. More likely shocks to commodity markets, a large part of both

countries exports, lead to similar regimes in both countries with Canada reacting earlier

to changes than Australia. A range of Granger causality tests were used to attempt to

identify factors, such as commodity prices, which may be driving the Australian factor.

The results provide some evidence that commodity prices are important for Australia,

although the results were, perhaps surprisingly, not particularly strong. The findings

more strongly indicated that Chinese GDP growth is important in explaining variation

in the growth of the Australian business cycle. Domestically, confidence measures for

businesses and consumers were shown to hold information about future regime changes,

and hence business cycle growth.

9.2 Extensions and future research

The results of this analysis also indicate areas of future research which may prove

both valuable and interesting. One area of research would being in identifying the

key factors which drive the comovement seen in the data. The common global factor

is clearly important for the countries of the G7, if not so for Australia, and hence a

better understanding of what drives the evolution of this common factor would provide

useful information about world economic growth. For example, Crucini, Kose and

Otrok (2011) use a dynamic factor model of the G7 to determine the driving factors

behind the common cycle and find that comovement in productivity explains almost

half of the global common factor. They also find that oil prices, while not useful in

explaining comovement over the whole sample, do appear important during specific

episodes. Further research into the comovement of global cycles would be useful in
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determining what the key factors are, and why some factors have been important during

particularly periods in history.

For Australia, further work in attempting to explain the evolution of the domestic

business cycle would be useful from a policy as well as statistical and theoretical

viewpoint. Clearly a potentially important omission from the analysis of this thesis

is China, currently Australia’s largest trading partner, which was found to significantly

affect business cycle growth.19 Whilst ideally this economy would have been included

in the full analysis, lack of appropriate data prevented this. Lack of data also lead to

the omission of other large trading partners such as the Republic of Korea and India,

which together account for another 13.6 per cent of exports. Whilst data issues may

preclude these economies from an analysis like the one presented in this thesis, research

may still be conducted on the importance of these countries for Australian economic

growth in other ways.

Another useful extension to the model would be to relax the assumption of independence

between common factors. As discussed in Section 6, the correlations with the global

factor are generally small, in line with the independence assumption. Among the

domestic factors however, there does exist a strong correlation between the U.S. and

Canadian common factors as well as positive correlations between these countries,

Australia and the United Kingdom. Whilst this idea was briefly explored in this

thesis, further investigation into the presence of, and relationship between, groups of

countries with comovement in excess of that generated by the global factor would be

interesting. The results of the Australia and United States model suggest however

that this would have no impact on the importance of international shocks for the

Australian business cycle. Covariances between factors could also be explicitly modelled

in the autoregressive processes for the common factors to determine the strength of the

relationship between domestic business cycles.

As was noted in the discussion of the model in Section 3.1, the dynamic factor structure

does not separately identify comovement that is caused by common shocks, from shocks

originating in one country and spreading across economies. This suggests a further line

of research to determine whether any countries appear to be dominant during specific

periods, in the sense that their domestic shocks spill over into the the global common

factor. These spillovers may have direct impacts on other countries and be modelled

by allowing domestic factors to be dependent upon lagged values of other factors in a

19 China accounts for around one-quarter of Australia’s exports as well a 14.9 per cent of imports;
trade data from the Australian government Department of Foreign Affairs and Trade (2011).
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VAR type framework. Otranto (2005) develops a model in which shocks are not spread

directly, but only with certain probability. In this model, the transition probabilities

of factors are dependent upon the past state of all factors, allowing a regime switch in

one domestic factor to influence the regimes of other factors. This multi-chain Markov

switching model however has not been applied to global business cycle models at this

point. A two-country version of the model is used in Section 7 and shows that changes

in foreign regimes do impact the probability of Australian regime switches. This could

be extended to the larger G7 model to identify whether any country’s regimes are

dominant, or could be extended to determine how a simultaneous change in regime

from more than one country would affect the likelihood of Australia changing regimes.

For example how much more likely is Australia to enter recession if both the United

States and China changed regime, compared to if just one economy does?

The results in Section 7 highlight the possible non-linearity of the relationship between

growth rates of different economies, a result confirmed in other papers. Investigation of a

range of non-linear specifications may prove fruitful both from the global business cycle

and Australian economic perspectives. Additionally, the use of Bayesian estimation

provides a relatively straightforward way to perform comparisons of a range of non-

standard models. An extension to the work in this thesis would be to construct

Bayes factors for the models to more formally analyse the presence of two or perhaps

more regimes in domestic and global business cycles, and the presence of relationships

between factors.

9.3 Concluding remarks

This thesis furthers the research into the evolution of the Australian business cycle by

considering it in the context of a global business cycle. Using a dynamic factor model for

the output, consumption and investment of the G7 and Australia I extract a common

global factor which can be interpreted as the global business cycle. The key innovation

of this thesis is to capture asymmetry in these cycles by assuming that the average

growth rates of the common factors follow a Markov switching process. The Markov

switching model is commonly used in the analysis of business cycles, but had not yet

been used in the global business cycle context. The estimates of the model suggest

that common global movements have only a small effect on Australian business cycle

growth when compared to the domestic cycle. The model estimates also suggest the

presence of non-linear paths through which changes in foreign regimes may influence
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the state of the Australian business cycle. These non-linearities should form a key part

of future models of the relationship between Australian and international economic

growth. The results of the thesis indicate that the focus for policy makers should be on

domestic factors as sources of expansions and contractions in Australia’s business cycle,

as well as foreign shocks from the United States and Chinese economies and commodity

prices.
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A Data

A.1 Unit root tests

Table A.1: p-values of ADF tests for Australia and the G7∗

Level (Y) ∆ ln(Y )

AUS 0.999 0.000
CAN 0.722 0.000
FRA 0.171 0.000
GER 0.145 0.000
ITA 0.999 0.000
JAP 0.998 0.000
UK 0.667 0.000
US 0.661 0.000

A.2 Cross-correlations

Table A.2: Within-country cross-correlations for Y, C and I

AUS CAN FRA GER

Y C I Y C I Y C I Y C I

Y 1.00 1.00 1.00 1.00
C 0.37 1.00 0.49 1.00 0.56 1.00 0.46 1.00
I 0.49 0.21 1.00 0.51 0.40 1.00 0.68 0.40 1.00 0.72 0.36 1.00

ITA JAP U.K. U.S.

Y C I Y C I Y C I Y C I

Y 1.00 1.00 1.00 1.00
C 0.49 1.00 0.72 1.00 0.57 1.00 0.63 1.00
I 0.63 0.45 1.00 0.67 0.41 1.00 0.46 0.29 1.00 0.72 0.57 1.00
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Table A.3: Cross-correlations for Y,C and I for Australia and the G7

AUS CAN FRA GER
Y C I Y C I Y C I Y C I

Y 1.00
AUS C 0.37 1.00

I 0.49 0.21 1.00
Y 0.19 0.15 0.21 1.00

CAN C 0.12 0.26 0.14 0.49 1.00
I 0.13 0.16 0.20 0.51 0.40 1.00
Y 0.09 0.29 0.16 0.30 0.24 0.30 1.00

FRA C 0.10 0.19 0.17 0.08 0.09 0.13 0.56 1.00
I 0.11 0.13 0.12 0.26 0.28 0.24 0.68 0.40 1.00
Y −0.03 0.08 0.10 0.19 0.20 0.21 0.44 0.11 0.43 1.00

GER C −0.04 −0.10 0.11 0.01 0.03 0.01 0.15 0.17 0.14 0.46 1.00
I −0.14 0.00 0.00 0.10 0.11 0.16 0.34 0.07 0.43 0.72 0.36 1.00
Y 0.10 0.11 0.08 0.23 0.13 0.24 0.50 0.27 0.36 0.36 0.10 0.22

ITA C 0.06 0.07 0.08 0.10 0.00 0.12 0.32 0.20 0.31 0.11 0.06 0.10
I 0.12 0.09 0.04 0.14 0.08 0.14 0.40 0.23 0.32 0.25 0.11 0.21
Y 0.11 0.12 0.04 0.19 0.04 0.23 0.29 0.20 0.20 0.23 0.11 0.16

JAP C −0.03 0.04 −0.04 0.07 −0.04 0.05 0.14 0.16 0.09 0.05 0.11 0.05
I 0.10 0.09 0.02 0.16 −0.02 0.16 0.28 0.13 0.29 0.19 0.06 0.17
Y 0.23 0.22 0.17 0.31 0.27 0.24 0.43 0.23 0.43 0.33 0.16 0.26

UK C 0.10 0.19 0.04 0.26 0.32 0.20 0.27 0.16 0.36 0.10 0.04 0.12
I 0.19 0.22 0.04 0.20 0.20 0.15 0.33 0.19 0.37 0.22 −0.01 0.22
Y 0.24 0.19 0.24 0.50 0.32 0.37 0.29 0.10 0.22 0.18 0.05 0.08

US C 0.13 0.17 0.14 0.36 0.37 0.24 0.28 0.12 0.24 0.12 0.05 0.11
I 0.14 0.14 0.14 0.45 0.29 0.35 0.37 0.09 0.25 0.27 0.08 0.22

ITA JAP U.K. U.S.
Y C I Y C I Y C I Y C I

Y 1.00
ITA C 0.49 1.00

I 0.63 0.45 1.00
Y 0.38 0.19 0.28 1.00

JAP C 0.16 0.08 0.15 0.72 1.00
I 0.28 0.20 0.26 0.67 0.41 1.00
Y 0.27 0.17 0.24 0.28 0.22 0.20 1.00

U.K. C 0.08 0.13 0.10 0.17 0.13 0.23 0.57 1.00
I 0.17 0.09 0.12 0.22 0.09 0.27 0.46 0.29 1.00
Y 0.20 0.16 0.16 0.16 0.10 0.14 0.37 0.22 0.18 1.00

U.S. C 0.16 0.15 0.15 0.17 0.16 0.08 0.35 0.27 0.23 0.63 1.00
I 0.28 0.09 0.18 0.15 0.07 0.13 0.35 0.18 0.18 0.72 0.57 1.00
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A.3 Structural break tests

Quandt-Andrews tests were performed on each series to identify structural breaks in

the data. The test involves finding the maximum of a series of F-statistics on a dummy

variable which allows for a break in the mean or variance of the data. Letting yt

denote the log differenced data, a simple regression on a constant and dummy variable

is run:

yt = c0 + c1Bτ + εt (A.1)

where Bτ is a dummy variable which is zero for t = 1, . . . , τ−1 and one for t = τ, . . . , T .

The regression is run for all τ within the middle 70 per cent of the sample period and

an F-statistic of the null hypothesis c1 = 0 is performed in each case. The maximum

of these F-statistics represents the Quandt-Andrews statistic with the best estimate of

the timing of the structural break being the corresponding τ . For tests of the variance

I first compute the squared residual from equation (A.1) and regress this on a constant

and dummy variable as before:

ε̂2t = d0 + d1Bτ + νt (A.2)

The statistic has a non-standard distribution due to its nature as the maximum of

a series of F-statistics but p-values can be calculated for inference and are shown in

Tables A.4 and A.5.20

Table A.4: Quandt-Andrew tests for structural breaks in the mean

Output Consumption Investment

Date p-value Date p-value Date p-value

Australia 1970Q3 0.09 1974Q4 0.05 2001Q1 0.54
Canada 1974Q2 0.00 1977Q1 0.00 1981Q3 0.40
France 1974Q2 0.00 1973Q2 0.00 1974Q1 0.00
Germany 1973Q2 0.00 1979Q3 0.00 1970Q4 0.88
Italy 1974Q3 0.00 1980Q4 0.00 1969Q3 0.02

2001Q2 0.03 2001Q1 0.02
Japan 1973Q2 0.00 1974Q1 0.00 1973Q2 0.00

1991Q3 0.00 1997Q2 0.03 1991Q2 0.02
U.K. 2004Q2 0.11 2004Q2 0.06 1969Q1 0.40
U.S. 2000Q3 0.02 2004Q2 0.00 2000Q3 0.03

a Multiple breaks were found for Italy and Japan

20 Refer to Andrews (1993) for a full discussion of the limiting distribution of this statistic.
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Table A.5: Quandt-Andrew tests for structural breaks in the variance

Output Consumption Investment

Date p-value Date p-value Date p-value

Australia 1984Q2 0.00 1987Q1 0.00 1980Q3 0.12
Canada 1973Q2 0.00 1991Q3 0.01 1993Q2 0.93
France 1968Q4 0.00 1976Q2 0.00 1968Q4 0.00
Germany 1971Q2 0.04 1993Q2 0.01 1968Q2 0.01
Italy 1980Q1 0.01 1997Q3 0.04 1970Q2 0.00
Japan 2004Q2 0.56 1975Q2 0.59 1977Q2 0.02
U.K. 1981Q2 0.00 1981Q1 0.01 1987Q4 0.18
U.S. 1984Q2 0.00 1982Q1 0.02 1984Q3 0.17

A.4 Data used in Granger causality tests

Table A.6: Data descriptions for Granger causality tests - international

Description Available from Source a

International factors

Chinese GDP quarterly growth in Chinese GDP 1978Q2 Sinclair

Commodities quarterly growth in trade-weighted 1982Q4 RBA
commodity price index

Oil Price average spot price of Brent, Dubai and 1960Q2 WB
West Texas Intermediate

S&P 500 quarterly growth in the S&P 500 index 1960Q2 FRED

Terms of Trade ratio of export to import prices 1960Q2 RBA

Term Spread difference in yields for U.S. 10 year 1960Q2 FRED
treasuries and 90-day T-bills

TWI trade-weighted index of the Australian 1970Q3 RBA
exchange rates

VIX option implied volatility for the 1990Q1 FRED
S&P 500 index

a RBA- Reserve Bank of Australia; FRED- Federal Reserve Economic Data; WB- World Bank; MI-
Melbourne Institue; YF- Yahoo! Finance; Sinclair - Jia and Sinclair (2010).

b growth rates are log differences of quarterly series.
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Table A.7: Data descriptions for Granger causality tests - domestic

Description Available from Source a

Domestic factors

All Ords quarterly growth rate of All 1984Q4 YF
Ordinaries index

Business confidence NAB business confidence index 1989Q3 RBA

Consumer confidence Westpac/Melbourne Institute 1974Q3 RBA
consumer sentiment index

Building approvals growth in non-residential private 1965Q2 RBA
building approvals ($)

Employed persons growth in total persons employed 1978Q2 RBA

Private GOS growth in private corporate gross 1960Q2 RBA
operating surplus

Disposable income growth in household disposable 1960Q2 RBA
income

Industrial production industrial production index 1974Q4 MI

Money supply growth in M3 money supply 1960Q2 RBA

MFPb multifactor productivity 1974 ABS
(12 industries)

Retail spending growth in retail trade 1965Q1 RBA

a RBA- Reserve Bank of Australia; FRED- Federal Reserve Economic Data; WB- World Bank;
MI- Melbourne Institue; YF- Yahoo! Finance.

b data is annual.
c growth rates are log differences of quarterly series.
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B State space form

The state space form of the model estimated in this thesis is shown here for the general

case of a model of three aggregates from K countries. This representation is needed in

order to simulate values of the unobserved common factors using the multi-move method

of Carter and Kohn (1994). Each aggregate can be decomposed into a domestic factor

common to the three aggregates within a country, a global factor common to the 3×K
aggregates from all countries and an idiosyncratic component specific to each series.

This is shown in equation (B.1) along with the idiosyncratic factor, which is given

AR(2) representation, for series i = {Y,C, I} for country k.

yikt = γikDkt + λikGt + eikt (B.1)

ekt = ψi1kekt−1 + ψi2ke
i
kt−2 + εikt (B.2)

For convenience in casting the model in state space form we rewrite the expression for

eci,t in lag notation as

eikt = ψik(L)−1εci,t (B.3)

We can then substitute this into equation (B.1) and multiply each side by ψik(L) to give

a unified expression for the evolution of each variable.

yi
∗
kt = ψik(L)γikDkt + ψik(L)λikGt + εikt (B.4)

where yi
∗
kt = ψik(L)yikt.

The general form for the state space equations includes an observation equation (B.5)

which describes the evolution of the observed aggregates and a transition equation (B.6)

which describes the evolution of the unobserved common factors.

y∗t = Hβt + et (B.5)

βt = MSt + Fβt−1 + νt (B.6)

where E[e′tet] = R and E[v′tvt] = Q.

The matrices in these equations are shown below.
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y∗t =



Y ∗1t

C∗1t

I∗1t

Y ∗2t
...

I∗Kt


, βt =



D1t

D1t−1

D1t−2

D2t

D2t−1
...

DKt−2

Gt

Gt−1

Gt−2



, et =



εY1t

εC1t

εI1t

εY2t
...

εIKt



H =



γY1 −γY1 ψY11 −γY1 ψY21 . . . 0 λY1 −λY1 ψY11 −λY1 ψY21
γC1 −γC1 ψY11 −γC1 ψY21 . . . 0 λC1 −λC1 ψC11 −λC1 ψC21
γI1 −γI1ψY11 −γI1ψY21 . . . 0 λI1 −λI1ψI11 −λI1ψI21
...

...
...

. . .
...

...
...

...

0 0 0 . . . −γYKψY1K λYK −λYKψY1K −λYKψY2K
0 0 0 . . . −γCKψC1K λCK −λCKψC1K −λCKψC2K
0 0 0 . . . −γIKψI1K λIK −λIKψI1K −λIKψI2K



F =



φ11 φ21 0 . . . 0 0 0 0 0 0

1 0 0 . . . 0 0 0 0 0 0

0 1 0 . . . 0 0 0 0 0 0
...

...
...

. . .
...

...
...

...
...

...

0 0 0 . . . φK1 φK2 0 0 0 0

0 0 0 . . . 1 0 0 0 0 0

0 0 0 . . . 0 1 0 0 0 0

0 0 0 . . . 0 0 0 θ1 θ2 0

0 0 0 . . . 0 0 0 1 0 0

0 0 0 . . . 0 0 0 0 1 0



,MSt =



φ1(L)µ1S1
t

0

0
...

φK(L)µKSK
t

0

0

θ(L)πSg
t

0

0



, νt =



v1t

0

0
...

vKt

0

0

ut

0

0
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R =



σ2
Y 1 0 0 0 . . . 0 0 0 0

0 σ2
C1 0 0 . . . 0 0 0 0

0 0 σ2
I1 0 . . . 0 0 0 0

0 0 0 σ2
Y 2 . . . 0 0 0 0

...
...

...
...

. . .
...

...
...

0 0 0 0 . . . σ2
Y K 0 0

0 0 0 0 . . . 0 σ2
CK 0

0 0 0 0 . . . 0 0 σ2
IK



Q =



τ 21 0 0 . . . 0 0 0 0 0 0

0 0 0 . . . 0 0 0 0 0 0

0 0 0 . . . 0 0 0 0 0 0
...

...
...

. . .
...

...
...

...
...

...

0 0 0 . . . τ 2K 0 0 0 0 0

0 0 0 . . . 0 0 0 0 0 0

0 0 0 . . . 0 0 0 η2 0 0

0 0 0 . . . 0 0 0 0 0 0

0 0 0 . . . 0 0 0 0 0 0
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C Estimation technique

This section describes in greater detail the estimation of the models examined in this

thesis. For convenience I begin by rewriting the general form of the model of output,

consumption and investment growth for K countries with a common global factor, K

domestic factors and 3×K idiosyncratic factors.

Ykt = γYk Dkt + λYk Gt + eYkt

Ckt = γCk Dkt + λCkGt + eCkt

Ikt = γIkDkt + λIkGt + eIkt

(C.1)

Factors are assumed to have AR(2) representation with Markov switching means:

Dkt = µSkt
+ φ1k(Dkt−1 − µSkt−1

) + φ2k(Dkt−2 − µSkt−2
) + vkt (C.2)

Gt = πSgt + θ1(Gt−1 − πSgt−1) + θ2(Gt−2 − πSgt−2) + ut (C.3)

eikt = ψi1ke
i
kt−1 + ψi2ke

i
kt−2 + εikt (C.4)

where,

µSkt
= µ0k + µ1kSkt

πSgt = π0 + π1Sgt
(C.5)

The probability of switching between regimes for each factor is described by the

transition probabilities:

pk = Pr[Skt = 1 | Skt−1 = 1]

qk = Pr[Skt = 0 | Skt−1 = 0]
(C.6)

C.1 Prior distributions

In most cases the prior distributions chosen are conjugate ones such that the Gibbs

sampler, which requires the conditional posterior distribution to be known, can be

used. For the switching mean parameters however, a Metropolis-Hastings step was

performed in order to allow the use of the non-conjugate Gamma distribution as a

prior, thereby restricting prior information to strictly positive or negative regions. The

prior distributions used, along with their means and standard deviations, for each model

are shown in the tables below.
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Table C.1: Priors for Australia model

Parameter Distribution Mean Std. Dev.

γ Normal 0 1
φ Normal 0 1
ψ Normal 0 1
σ2 Inv. Gamma - -
p Beta 0.83 0.183
q Beta 0.91 0.142
µ0 Gamma 1 0.5
−(µ0 + µ1) Gamma 1 0.5

a prior for σ2 is improper.

For the priors on transition probabilities in the Australia and Australia-United States

models, the means were chosen in order to match the observed average length of peak

to trough periods in the respective economies. Australian cycle dates were taken

from the Melbourne Institute and U.S. dates from the National Bureau of Economic

Research.

Table C.2: Priors for Aus/US model

Parameter Distribution Mean Std. Dev.

λ / γ Normal 0 1
φ / θ Normal 0 1
ψ Normal 0 1
σ2 Inv. Gamma - -
pd Beta 0.83 0.141
qd Beta 0.91 0.142
pg Beta 0.83 0.141
qg Beta 0.95 0.084
µ0 / π0 Gamma 1 0.5
−(µ0 + µ1) / −(π0 + π1) Gamma 1 0.5

a prior for σ2 is improper.
b subscripts d and g are for the domestic and global factors.

The priors for the full G7 model are the same as above for most parameters with the

exception being the transition probabilities pk and qk. These included a large amount

of prior information on the parameters which was required for the model to successfully

identify the regimes for the domestic and global factors. Without sufficiently tight

priors the model tended to attempt to fit one observation (in many cases the recent

global recession) as its own state. Thus both states needed to have persistent enough
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transition probabilities such that the model estimated regimes that lasted more than one

observation. For the G7 model the prior information came from estimating individual

models for each for each country which included a single common factor for the three

aggregates. These priors all have Beta distributions with means and standard deviations

shown in Table C.3.

Table C.3: Priors for G7 model transition probabilities

Parameter Mean Std. Dev. Parameter Mean Std. Dev.

p1 0.75 0.043 p2 0.81 0.039
q1 0.95 0.022 q2 0.97 0.017
p3 0.80 0.040 p4 0.85 0.036
q3 0.97 0.039 q4 0.90 0.030
p5 0.82 0.038 p6 0.82 0.038
q5 0.96 0.019 q6 0.98 0.014
p7 0.83 0.037 p8 0.82 0.038
q7 0.93 0.025 q8 0.94 0.024
pg 0.80 0.040
qg 0.90 0.030

a countries numbered alphabetically: Australia, Canada, France,
Germany, Italy, Japan, U.K., U.S.

C.2 Gibbs sampling21

C.2.1 Simulating model parameters

The conditional posterior distribution for the coefficient parameters can be found by

noting that, after we have conditioned on the generated factor values, observed values

and other parameters, the problem is reduced to that a linear regression. The use of

conjugate priors means that the posterior distributions for parameters can be solved

for analytically, allowing values for be simulated at each step in the sampler. We can

represent each of the equations in (C.1) to (C.4), for given values of the factors, in the

following way:

Y = Xθ + ε, ε ∼ N(0, σ2)

where θ is the column vector of parameters to be estimated along with the variance

σ2.

21 A detailed treatment of Gibbs sampling for state space models with Markov switching is presented
in Kim and Nelson (1999). Much of the discussion below relied on this text as a resource.
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For coefficient parameters in a linear regression with known error variance σ2
0 and

N(µ0, s
−1
0 ) priors, the posterior distribution for the parameters is N(µ, h), where:

h = (s0 +
1

σ2
0

X
′
X)−1 (C.7)

µ = h× (s0µ0 +
1

σ2
0

X
′
Y ) (C.8)

The posterior distribution of the variance, given a prior that is an inverted Gamma

distribution, IG(v0, δ0), is IG(v1, δ1) with:

v1 = v0 + T (C.9)

δ1 = δ0 + (Y −Xβ)
′
(Y −Xβ) (C.10)

For the independent transition probabilities p and q the conjugate priors are Beta(u11, u10)

and Beta(u00, u01) distributions. Given the generate state sequences we can determine

the number of transitions between states. This can be represented as:(
n00 n01

n10 n11

)

where nij refers to the observed number of transitions from state i to state j, and the

sum of the elements is the total number of transitions T−1. Note that given the current

state the state of the process in the next time period has a Bernoulli distribution with

parameter p or q. The posterior distributions are:

p|S̃T ∼ Beta(u11 + n11, u10 + n10) (C.11)

q|S̃T ∼ Beta(u00 + n00, u01 + n01) (C.12)

For the model with dependent transition probabilities there are four transition

probabilities for the Australian state process. Each has a conjugate Beta prior as aobve,

however to determine the posterior distributions the number of transitions between

states must consider the joint state of the two state processes. The number of transitions
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can be represented as: 
n00,0 n00,1

n01,0 n01,1

n10,0 n10,1

n11,0 n11,1


where nij,k represents the transition of the Australian state process to state k from the

joint state in which Australia is in state i and country two is in state j. The posterior

distributions are then:

p0|S̃T ∼ Beta(u11 + n10,1, u10 + n10,0) (C.13)

p1|S̃T ∼ Beta(u11 + n11,1, u10 + n11,0) (C.14)

q0|S̃T ∼ Beta(u00 + n00,0, u01 + n00,1) (C.15)

q1|S̃T ∼ Beta(u00 + n01,0, u01 + n01,1) (C.16)

C.2.2 Generating the state vectors D̃kT and G̃T

The unobserved common factors can be generated recursively using the multi-move

method described by Carter and Kohn (1994). This is done by decomposing the joint

distribution of the entire vector β̃T into the product of conditional distributions. This

makes use of the fact that given the transition equation

βt+1 = MSt+1 + Fβt + νt+1 (C.17)

the state vector βt, conditional on βt−1, is independent of all other past values, i.e. it

has the Markov property. Thus we can express the joint distribution of the states as

follows:

p(β̃t | ỹT ) = p(βt | ỹT )
T−1∏
t=1

p(βt | βt+1, ỹt) (C.18)

where ỹt represents all observations up to time t.

For a model of K countries with each factor following an AR(2) process we have:

βt+1 =
[
D1t+1 D1t D1t−1 D2t+1 D2t · · · DKt−1 Gt+1 Gt Gt−1

]′
We do not need to condition on all elements of βt+1 however, since several elements of
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this vector are already present in the vector βt, thus we condition on the new vector

β∗t+1.

β∗t+1 =
[
D1t+1 D2t+1 · · · DKt+1 Gt+1

]′
This also ensure that the matrix Q is non-singular by removing the corresponding

rows and columns of zeroes. We can therefore construct the new transition equation

matrices F ∗, Q∗ and ν∗t corresponding to the new matrix β∗t . For a two country model

these are:

F ∗ =

φ1,1 φ2,1 0 0 0 0 0 0 0

0 0 0 φ1,2 φ2,2 0 0 0 0

0 0 0 0 0 0 θ1 θ2 0

 , Q∗ =

τ
2
1,St

0 0

0 τ 22,St
0

0 0 η2St

 , ν∗t =

v1,tv2,t

ut


The factors can then easily be simulated from Normal distributions with mean βt|β∗t+1

and variance Pt|t,β∗t+1
. The mean and variance are found using the equations derived by

Carter and Kohn (1994):

βt|β∗t+1
= βt|t + Pt|tF

∗′(F ∗Pt|tF
∗′ +Q∗)−1(β∗t+1 − µ̃− F ∗βt|t) (C.19)

Pt|t,β∗t+1
= Pt|t − Pt|tF ∗

′
(F ∗Pt|tF

∗′ +Q∗)−1F ∗Pt|t (C.20)

In order to find βt|t and Pt|t we first iteratively perform the steps of the Kalman filter

as follows:

βt|t−1 = µ̃+ Fβt−1|t−1

Pt|t−1 = FPt−1|t−1F
′ +Q

ηt|t−1 = yt −Hβt|t−1
ft|t−1 = HPt|t−1H

′ +R

βt|t = βt|t−1 +Ktηt|t−1

Pt|t = Pt|t−1 −KtHPt|t−1

with Kt = Pt|t−1H
′f−1t|t−1.
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C.2.3 Generating the state vectors S̃kT and S̃gT

The state vectors can be generated in a similar way to the unobserved factors with a

multi-move method used in Kim and Nelson (1998), originally motivated by Carter and

Kohn (1994). We first decompose the joint density of the states by using their Markov

property:

g(S̃t | ỹT ) = g(St | ỹT )
T−1∏
t=1

g(St | St+1, ỹt) (C.21)

where

g(St | St+1, ỹt) ∝ g(St+1 | St)g(St | ỹt) (C.22)

The probabilities g(St+1 | St) are simply the transition probabilities p and q and are

simulated as described above from Beta distributions. The terms g(St | ỹt) can be

extracted by first running Hamilton’s (1989) filter and saving the filtered probabilities.

The conditional probability of state 1 can then be determined by ensuring that g(St =

1 | ỹt) + g(St = 0 | ỹt) = 1:

Pr[St = 1 | ỹt] =
g(St+1 | St = 1)g(St = 1 | ỹt)∑1
j=0 g(St+1 | St = j)g(St = j | ỹt)

(C.23)

The states are then simulated by generating a random uniform variable u ∼ U(0, 1)

and setting St = 1 if u < Pr[St = 1 | ỹt] and St = 0 otherwise.

C.2.4 Metropolis-Hastings step

Since the switching mean parameters in equations (C.2) and (C.3) are restricted in

order to identify the the regimes as being either above or below average growth, I

choose to simulate these parameters using a Metropolis-Hastings step. The steps of the

Metropolis-Hastings algorithm are briefly:

1. Generate a value of µ0 from the proposal density q(x, y) where x and y represent

the current and next values of the chain. A random-walk kernel was used to

generate the proposal y, given the current value x, such that y = x+ u, where u

is a random Normal variable with mean zero and standard deviation 0.2.
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2. The proposal y is selected with probability given by:

α(x, y) = min

{
f(y)q(y, x)

f(x)q(x, y)
, 1

}
where f(·) is the posterior distribution given by the product of the likelihood

function and the prior distribution.

3. Generate a random uniform variable u ∼ U(0, 1) and if u < α(x, y) take y as the

next value in the chain, or if not reselect x as the next value in the chain.

C.2.5 Summary: Steps for sampling of the model

1. Generate the factors (G̃T and D̃kT for k = 1, . . . , K) using the multi-move method.

2. Generate the state vectors (S̃gT and S̃kT for k = 1, . . . , K).

(a) run Hamilton’s filter to find the vector of filtered probabilities Pr(St|ỹt)

(b) recursively generate Pr(St|ỹt, St+1) ∝ Pr(St+1|St)Pr(St|ỹt).

(c) generate a uniform(0,1) variable and set St = 0 if U < Pr(St = 0|ỹt, St+1).

3. Construct Y ∗t , C
∗
t , I

∗
t and D∗t , G

∗
t where Y ∗t = Yt − ψ1Yt−1 − ψ2Yt−2. Generate the

factor loading parameters (equation C.1) γik, λ
i
k.

4. Construct the error terms eikt in equation (C.4). Generate the coefficient parameters

from the error term autoregressive equations in (C.4), ψik1 and ψik2 as well as the

variance σ2
ki.

5. Generate the autoregressive parameters from the factor equations(C.2) and (C.3),

φ1k, φ2k, θ1 and θ2.

6. Generate the factor mean parameters µ0k, µ1k, π0 and π1 using the Metropolis-

Hastings step.

7. Generate the transition probabilities pk and qk, conditional on the observed state

frequencies.
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D Additional figures and tables

D.1 G7 model

Figure D.1: The common domestic factors - G7 model
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Figure D.2: Probability of domestic low growth regimes - G7 model
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Figure D.3: Correlations of output with the global factor
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Table D.1: Cross-correlations of common factors

AUS CAN FRA GER ITA JAP U.K. U.S.

AUS 1.000
CAN 0.257 1.000
FRA −0.082 −0.169 1.000
GER −0.208 −0.139 0.017 1.000
ITA −0.134 −0.216 −0.016 −0.103 1.000
JAP −0.071 −0.187 −0.126 −0.073 0.057 1.000
U.K. 0.156 0.187 0.000 −0.067 −0.194 −0.031 1.000
U.S. 0.149 0.450 −0.163 −0.151 −0.253 −0.118 0.248 1.000
Global 0.031 0.131 0.168 0.100 0.231 0.093 0.157 0.146

D.2 Four country model - Australia, Canada, the U.K. and

the U.S.

Figure D.4: Four-country and G7/Australia common factors
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Table D.2: Variance decomposition - four country model

Domestic factor Four-country factor

Y C I Y C I

Australia 0.467 0.114 0.109 0.123 0.088 0.065
(0.242) (0.063) (0.049) (0.056) (0.046) (0.045)

Canada 0.102 0.090 0.041 0.474 0.259 0.259
(0.092) (0.088) (0.036) (0.089) (0.072) (0.102)

U.K. 0.463 0.212 0.084 0.267 0.150 0.063
(0.121) (0.075) (0.036) (0.085) (0.063) (0.039)

U.S. 0.132 0.148 0.063 0.562 0.395 0.347
(0.084) (0.099) (0.038) (0.090) (0.095) (0.129)

D.3 G7 model - 1960 to 2005

Figure D.5: The common global factor - G7 model 1960 to 2005
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