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Abstract

A popular view holds that increased competition dampens inflation and

promotes price flexibility. Yet how competition influences inflation dynamics

has not been well established. This thesis addresses the missing link by exam-

ining the impact of competition policy on inflation persistence and volatility

for three countries over the period 1947-2014, using four measures of inflation.

The analysis employs a univariate autoregressive (AR) model which allows for

structural breaks in persistence and volatility. For the countries under study

competition is found to have no effect on inflation persistence and volatility.

The analysis also shows that monetary policy is not the primary driver of

inflation dynamics, contrary to the findings of earlier research. Further anal-

ysis demonstrates that inflation has become less persistent and less volatile

in recent periods, yet competition does not trigger the decline. Evidently

competition does not affect inflation persistence and volatility.
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1 Introduction

The aim of this thesis is to investigate the potential impact of competition on in-

flation persistence. My focus on competition is motivated by its influential role in

improving the level of inflation. However, the link between competition and in-

flation persistence is not well addressed. By considering the potential benefits of

competition on inflation persistence, valuable implications on monetary policy can

be drawn. This is because understanding inflation persistence and its drivers well

can help monetary authorities avoid policy misguidance (Cogley and Sargent 2002)

and reduce the cost of disinflation.

Inflation persistence has been a strong focus in literature due to its implication

on monetary policy. In particular, I take interest in the current debate which ad-

dresses two key issues being the decline in inflation persistence in recent periods and

the cause of this decline. On the one hand, Cogley, Primiceri and Sargent (2010)

and Cogley and Sbordone (2008) find that the persistence of the U.S. inflation gap

has decreased in recent periods. It is to the extreme that persistence has become

nonexistent once trend inflation is accounted for, implying that inflation is forward-

looking. On the other hand, Benati (2008) disagrees with the finding, arguing that

the studies focus on the inflation gap - the difference between inflation and its trend

- rather than inflation itself. When assessing inflation, Benati (2008) finds that U.S.

inflation continues to be highly persistent. Despite the use of inflation rather than

the inflation gap, his finding is in much contrast with the results in Levin and Piger

(2004) who conclude that inflation is not persistent for both the U.S. and most de-

veloped countries. This thesis addresses this issue in two respects where it examines

the recent movements of not only inflation persistence but also inflation volatility.

Moreover, for countries where inflation is shown to be less persistent, the aforemen-

tioned studies attribute the improvement to changes in monetary regimes. Specifi-

cally, Benati (2008) suggests that countries are more likely to achieve lower inflation

persistence when they adopt an explicit inflation target. In contrast, Fuhrer (2011)

argues that the effect of monetary policy can be overstated given the lack of struc-

tural analysis provided in these studies. As a consequence, the link between mon-

etary policy and the improvements in inflation persistence is not well established.

Although an aggressive monetary policy is indeed effective in reducing inflation per-

sistence, Fuhrer (2011) shows that the impact is more pronounced when the markup

shock is less persistent and the degree of indexation in pricing is lower. This finding
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is central to the motivation of this thesis where I argue that increased competi-

tion provides firms the incentives to adjust prices more frequently and reduce their

markup. This, in turns, will yield a less persistent markup shock; hence increased

competition can have an impact on inflation persistence through the markup shock.

Apart from more frequent price reviews and changes, the effect of competition is

further emphasised in Khan (2005) who shows that increased competition reduces

the impact of the markup shock on inflation. This is because facing fierce competi-

tion, firms adjust prices such that their relative prices are not largely different from

the average. They do so to avoid losing market share. However the markup shock

in Khan (2005) is a white noise process, thus has no persistence. Consequently, his

analysis is limited to the relationship between the markup shock and inflation rather

than inflation persistence. I extend his model by assuming an exogenous persistence

for the markup shock to analyse the missing link. I next incorporate the findings

of Smets and Wouters (2007) on the markup shock to show that when the markup

shock is more persistent, it raises the persistence of inflation. Therefore, it follows

that increased competition dampens the persistence of the markup shock and subse-

quently reduces inflation persistence. The theoretical framework also predicts that

inflation volatility rises in higher competition environment as firms adjust prices

more frequently.

To draw the connection between inflation dynamics and competition, the structural

breaks in inflation persistence and volatility are matched against the enactment

dates of major competition legislation. This method is applied to three countries:

Australia, the United Kingdom and the United States. To account for robustness,

four different measures of inflation are employed: the consumer price index (CPI),

the core CPI, the GDP price deflator and the private consumption (PC) price defla-

tor over the sample period 1947 - 2014. In addition, I take particular interest in the

following dates: 1974 and 1995 for Australia, 1973, 1980 and 1998 for the United

Kingdom and 1976 for the United States as the enactment dates of competition

legislation. If the shifts in the persistence and volatility coefficient coincide with

these dates, this implies the potential structural impact of competition on inflation

dynamics.

Inflation persistence is measured by the sum of autoregressive (AR) coefficients,

ρ or namely “persistence coefficient” as advocated by Andrew and Chen (1994).

Apart from the persistence coefficient, I also allow for structural breaks in mean

and volatility of inflation. The number and timing of structural breaks are esti-

mated using the supF(l+1|l) statistics developed by Bai and Perron (1998, 2003).
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The supF(l+1|l) statistics is used in conjunction with the Quandt Likelihood Ratio

(QLR) statistics with Hansen (2000)’s critical values as a robustness check. Lastly,

Eo and Morley (2014)’s inverted likelihood ratio (ILR) confidence set is constructed

for breaks which are significant at 5% significance level. The parameters in the model

are subsequently estimated using the grid bootstrap method of Hansen (1999).

The analysis points to the following key conclusions. Firstly, inflation persistence

has been low in recent periods thus consistent with the findings of Levin and Piger

(2004), Cogley and Sbordone (2008) and Cogley et al. (2010). Secondly the struc-

tural breaks in persistence do not align with the competition legislation dates, pro-

viding weak evidence about the link between competition and inflation persistence.

However, I find that the structural breaks do not coincide with changes in mone-

tary regime either. As a result, changes in inflation persistence may be caused by

other factors and that attributing a great deal of these changes to monetary policy

would be inappropriate. Thirdly, inflation has also become less volatile in recent

years. Even though breaks in volatility match up quite well with the competition

legislation dates, the downward trend in volatility is in contrary to the theoretical

predictions of increased volatility prompted by increased competition. This suggests

that the reduction in volatility is not caused by competition. Lastly, as evident in

the ILR confidence set, breaks in persistence appear to be quite gradual while breaks

in volatility appear to be fairly abrupt.

The key contribution of this thesis is to show that there is no link between competi-

tion legislation and inflation dynamics. It further demonstrates that monetary policy

is not the primary cause of structural changes in inflation persistence and volatil-

ity. In addition, this thesis addresses the oversight by previous literature regarding

the effect of competition on inflation dynamics. It does so through combining the

theoretical model of Khan (2005) and the empirical finding of Smets and Wouters

(2007), which to the best of my knowledge is the first study to do so. Lastly, it

identifies major competition legislation and monetary policy changes relevant to the

study of inflation dynamics.

The rest of the thesis is organised as follows. The literature on inflation persis-

tence and competition is described in Section 2. Section 3 lays out the theoretical

predictions on inflation persistence and volatility. Section 4-5 provides a description

on the data and the selection process of legislation dates. The empirical model is

examined in Section 6 with the results reported in Section 7. Section 8 concludes.

3



2 Literature Review

Understanding the dynamics of inflation, specifically its persistence, is crucial to

monetary policy because it allows central banks to reduce costs to disinflation. Re-

cently most evidence suggests that inflation has become less persistent yet it is

unclear what has triggered this decline. While most authors argue that the im-

provement in persistence results from a more effective and credible monetary policy,

as it will be demonstrated later, the markup shock contributes far greater to this im-

provement than monetary policy. Therefore, it motivates the study into competition

as a factor driving the markup shock and inflation persistence.

2.1 Inflation Persistence: Policy Implication and Sources

2.1.1 Inflation Persistence and Its Impacts on Monetary Policy

Inflation persistence refers to the tendency of inflation to differ from its long-run

average after being disturbed by shocks. For example, after a temporary positive oil

price shock when inflation stays above its long-run value for an extended period, it

is said to be persistent; whereas a quick reversion to mean indicates a lower degree

of persistence. Given the large empirical results of high persistence exhibited in

most industrialised countries, extensive studies have been conducted to explain this

characteristic of inflation.

Fuhrer and Moore (1995) uses contract pricing to explain inflation persistence. In

their relative-contract model, inflation is allowed to be persistent when agents make

relative comparisons between the current contract price and the average past and

future contract price. This model is in contrast with the standard contract pricing

model where agents do not compare their current contract price. Due to the com-

parison of relative contracts, the response of inflation to both inflation and output

shocks is much greater and far more persistent. Furthermore, Fuhrer and Moore

(1995) were able to mimic the degree of persistence exhibited in the U.S. data us-

ing the relative contract model. A more recent work is conducted by Fuhrer (2000)

who explains inflation persistence with habit formation in consumer utility function.

With habit formation consumers require more time to adjust their spending habit.

Fuhrer (2000) also argues that a jump in real spending will cause a jump in inflation.

Therefore, it implies that if real spending were to react gradually to shocks, such

persistent movement is reflected in inflation whose response to shocks is also gradual.
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Nevertheless the theory does not provide sufficient insights into the consequences of

inflation persistence for the economy. The two main consequences of high inflation

persistence are the higher likelihood of committing policy mistakes and higher costs

to disinflation. In regards to the former consequence, Cogley and Sargent (2002)

find that during periods of high inflation persistence, the central bank is more likely

to detect a long run neutral relationship between unemployment and inflation, also

known as the natural rate hypothesis. However, what leads the central bank to de-

tect such outcome in the first place is because inflation was allowed to drift upwards.

This implies the results directly and positively correlate to the degree of inflation

persistence: a high degree of inflation persistence leads to the evidence support-

ing the natural rate hypothesis. Therefore, it is more likely to have a misleading

view about unemployment and inflation thus making policy mistakes more probable.

In addition, Cogley and Sargent (2002) find that during periods of high inflation

persistence, inflation is also volatile and vice versa. When inflation is less per-

sistent, its variance decreases substantially. Their specific methodology involves

dividing the total variance of inflation into low, medium and high frequency. Each

frequency is defined by the number of quarters per cycle with the low frequency

lasting for more than 5 years, thus depicting the degree of persistence in inflation.

During 1965-1979, the low frequency variance increases relatively more than the high

and medium frequency hence raising both volatility and persistence. By contrast,

the low frequency variance fell significantly in 1979-2000, leading to a less persistent

and less volatile inflation. This suggests that inflation persistence and volatility are

closely associated with each other.

Another negative impact of inflation persistence on the economy is the cost of dis-

inflation. Fuhrer (1995) shows that when inflation has a high degree of persistence,

it only falls gradually when the central bank tightens monetary policy. Persistent

inflation subsequently causes output to remain below potential for a longer period,

thus requiring more output to be sacrificed to control inflation.

This is consistent with the finding of Clarida, Gali and Gertler (1999) where in

the presence of inflation persistence, any adjustment in monetary policy affects the

future path of inflation and that the policy effect may last into the indefinite future.

In addition, persistent inflation means that any inflation not eliminated today will

persist in the future, thus requiring more monetary adjustments and a greater con-

traction in output.

Inflation persistence is costly to the implementation of monetary policy and to the
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economy during disinflation. This means that determining factors which can lower

inflation persistence is helpful to policy makers. Therefore, the contribution of this

thesis is to determine if competition can help reduce inflation persistence. In addi-

tion, it provides an interesting comparison for countries with excessive competition

which may have a negative consequence on inflation persistence.

2.1.2 The Debate on Inflation Persistence

How inflation persistence has changed in recent decades is a subject of much de-

bate. While some authors have found inflation persistence to decline for samples

of developed countries, it is rather unclear of how U.S. inflation persistence has

changed especially in the post-Volcker disinflation period. In addition, there is no

agreement on the underlying cause of this decline. On the one hand, a number of

studies attribute the declining persistence to the effectiveness of monetary policy.

On the other hand, a less persistent markup shock is found to contribute largely

to lower inflation persistence. The latter is a crucial motivation for this thesis as

increased competition is demonstrated to have a direct impact on the price markup,

and subsequently inflation persistence.

Cogley, Primiceri and Sargent (2010) infer the impact of monetary policy on in-

flation dynamics under the multivariate setting. They draw the connection between

inflation and monetary policy through “trend inflation”, which is a slow-moving

component of inflation. This is because trend inflation is often associated with the

long-term inflation target set by the monetary authority. Therefore in capturing the

variables depicting the behaviour of the monetary authority in setting inflation tar-

get, the model helps explain the persistence of trend inflation. Since trend inflation

is a large component of inflation, this in turns yields informative insights into the

persistence of inflation.

In particular, Cogley, Primiceri and Sargent (2010) study inflation persistence through

trend inflation and the inflation gap –the difference between inflation and trend in-

flation. Their analysis employs the R2 of j-step-ahead forecast of the inflation gap.

The closer the R2 is to one, the more persistent inflation gap is. The R2 of the 1-, 4-

and 8-quarter- ahead forecast show that the inflation gap tends to be less persistent

in recent years. For all forecast horizon, the R2 indicates that the inflation gap is

mostly persistent during mid-1970s and early 1980s while decreasing significantly in

the 1960s and after the Volcker disinflation. By contrast, the volatility of the in-

flation gap remains roughly constant for most periods except for large spike during

mid-1970s and early 1980s.
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Moreover, Cogley and Sbordone (2008) found essentially zero persistence in the in-

flation gap once the trend inflation is accounted for, indicating that the persistence

of trend inflation explains most of inflation persistence. This finding is controver-

sial because it suggests that not only inflation persistence is nonexistent, inflation

itself is a forward-looking process. This implies that lags of inflation are not re-

quired in modeling inflation, which is in contrast with the conclusion of Galı and

Gertler (1999) who estimate a significant lagged inflation coefficient. The specific

method in Cogley and Sbordone (2008) involves log-linearising variable around the

trend inflation rather than a constant long-run value, which is in vast contrast to the

standard log-linearisation practice in the conventional version of the New Keynesian

Phillip Curve model. This is because trend inflation presents the long-run value yet

it evolves overtime rather than remaining constant.

While the aforementioned results suggest that inflation is less persistent, they largely

depend on the concept of trend inflation. More importantly, the models only mea-

sure the persistence of the “inflation gap”. Although the findings agree uniformly

that the inflation gap has become less persistent yet when focusing on inflation it-

self, empirical results provide conflicting conclusions about inflation persistence. For

example, Levin and Piger (2004) find that inflation becomes less persistent, to al-

most half of what is popularly found in literature. Their study allows for structural

breaks at unknown dates in inflation dynamics for twelve OECD countries. For the

sample period covering from 1984-2003, structural breaks in the mean of inflation

of most countries are found to be in early 1990s. One of the key findings in Levin

and Piger (2004) is that the structural breaks coincide with the adoption of inflation

targeting for some countries, suggesting shifts in monetary regimes may influence

the dynamics of inflation.

Angeloni, Aucremanne and Ciccarelli (2006a) found similar results to those of Levin

and Piger (2004) when they investigate the effects of Economic and Monetary Union

(EMU) on inflation persistence. Their study involves matching the two crucial dates

of 1996 and 1998 to the structural breaks in inflation persistence. Based on micro

Consumer Price Index from 1994 - 2004, inflation shows a low degree of persistence

in the late 1990s for most countries yet for food and energy, inflation tends to be

more persistent. However, the same finding in inflation persistence is also found in

the U.S. core inflation rate. This implies that the behaviour observed in inflation

persistence can be caused by global factors rather than the local influence from the

introduction of the EMU.

In contrast to the preceding finding, Benati (2008) finds that persistence of U.S.
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inflation, particularly for the GNP and PCE deflator, continues to be quite high

across monetary regimes. His method examines the changes in inflation persistence

across monetary regimes, including pre- and post-EMU for European countries, pre-

and post-inflation targeting for Australia, Canada and the United Kingdom and

pre- and post-Volcker disinflation for the United States. For the EMU and inflation

targeting countries, inflation persistence falls in the post-EMU and post-inflation

targeting period. The key finding of this paper is that the difference in inflation

persistence between inflation targeting and other monetary regimes is statistically

significant (Benati, 2008, Table I-VIII). Therefore, countries which adopt an explicit

inflation target are more likely to have lower inflation persistence.

While most studies seem to portray monetary policy as the main source of changes

in inflation dynamics, they do not explicitly provide a structural analysis of the

role of monetary policy in influencing inflation persistence. As a consequence, an

aggressive monetary policy can be overstated as a structural determinant of improve-

ments in inflation persistence and volatility. To this end, Fuhrer (2011) employs the

Dynamic Stochastic General Equilibrium (DSGE) model to examine the effects of

various factors on inflation. In the model’s setting, Fuhrer (2011) allows for trend

inflation as in Cogley and Sbordone (2008) but he also includes inflation lags. By

varying the key parameters including the aggressiveness of monetary policy, the de-

gree of indexation and the persistence of the markup shock, Fuhrer (2011) observes

the response of inflation persistence to these factors through changes in the auto-

correlation function of inflation. When monetary policy becomes more aggressive,

inflation persistence decreases noticeably. However, the results are more striking

when the degree of indexation and the persistence of the markup shock are reduced

(Fuhrer, 2011, Figure 10). Given the relative importance of indexation and the per-

sistence of the markup shock on inflation, attributing the recent improvements in

inflation persistence to the behaviour of monetary policy may be inaccurate. This

implies that changes in inflation persistence can be alternatively explained by fac-

tors relating to the markup shock, one of which being competition. This argument

is central to the motivation of this thesis because increased competition encourages

frequent price changes and reduces the markup. As a consequence, it can lead to a

less persistent markup shock, thus dampening the persistence of inflation.

2.1.3 The Sources of Inflation Persistence

It is crucial to understand the sources of inflation persistence before it can be ex-

plained how competition can influence this characteristic of inflation. The persis-

tence of inflation is caused by various sources classified as expectation-based, intrin-

sic and extrinsic (Angeloni et al., 2006b). Intrinsic persistence refers to how much
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the current inflation level depends on past inflation levels or lagged inflation, imply-

ing a backward-looking behaviour. The new hybrid New Keynesian model (Galı and

Gertler, 1999) rationalises the existence of the lagged inflation term which depicts

the use of a rule-of-thumb in price setting behaviour (e.g. expressing prices in terms

of percentage of past prices or indexing).

On the other hand, expectation-based inflation persistence is caused by expecta-

tions of future inflation from the private market and often attributed to the conduct

of monetary policy. If monetary policy is managed in a transparent and credible

manner, monetary authority can anchor inflationary expectations and reduce this

type of persistence. Credibility in conducting monetary policy becomes a crucial

focus to control inflation persistence as discussed in Ireland (2000) and Goodfriend

and King (2001). In Goodfriend and King (2001), the model allows for inflationary

expectations to correlate with real marginal costs. This means that a credible tar-

geting of real marginal costs by the central bank provides credible signals about the

future direction of inflation thus anchoring expectations. Similarly, Ireland (2000)

allows monetary authority to build credibility by letting expected inflation to move

together with the current inflation. This means that when the central bank commits

a lower (higher) level of inflation over an extended period, private agents will form

lower (higher) inflationary expectations as a result.

Lastly, extrinsic persistence is caused by the price setting behaviour of firms in

the economy. When firms do not operate in perfect competition, they can charge

a markup over marginal cost as a buffer against fluctuations in the costs of inputs.

Depending on the markup size and the fraction of firms adjusting price at a given

time, the effect of the markup on aggregated prices can be quite large (Angeloni

et al., 2006b, p. 565).

In sharp contrast to theoretical assumption of perfect competition, firms are found

to be more likely to operate in monopolistic and oligopolistic markets. A survey

of 654 UK firms found that more than 60 percent of firms face less than 10 com-

petitors, and nearly 40 percent of firms account for only a 10 percent market share

(Hall, Walsh and Yates, 2000, Figure 3-4). Similar findings are documented for Bel-

gian (Aucremanne and Druant, 2005, p. 25) and Swedish firms (Apel, Friberg and

Hallsten, 2005, p. 21) where a large proportion of firms compete in an oligopolis-

tic market. As a result, it is likely in reality that firms compete with a degree of

monopolistic pricing power and impose a markup on pricing. Given the relation-

ship between price markup and inflation, the level of persistence in the markup

ultimately contributes to the extrinsic persistence of inflation. This thesis focuses
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on the extrinsic persistence since it draws the connection between competition, the

markup and inflation persistence.

2.2 The Benefits of Competition

The positive impacts of competition on extrinsic inflation persistence is commonly

found in the surveys by Hall, Walsh and Yates (2000), Aucremanne and Druant

(2005) and Apel, Friberg and Hallsten (2005). When firms have more competition,

they change prices more frequently and more likely to reduce prices. In Australia

(Park, Rayner and D’Arcy, 2010) and Canada (Amirault, Kwan and Wilkinson,

2006, p. 14), competition receives the highest score as the reason for price decreases.

Therefore, not only does competition have a positive impact on price flexibility, it

is more likely to place downward pressure on inflation.

Competition also effectively minimizes the backward-looking behaviour in price set-

ting. Using a sample of 5,600 Belgian firms, Aucremanne and Druant (2005, p. 29-

30) show that when firms face the fierce competition, a large proportion of firms

optimise prices as opposed to using the rule-of-thumb. When firms optimise price,

they incorporate all available information such as past inflation, market demand and

future expectations about product sales and market sentiment. In doing so, prices

are not indexed based on historical averages thus reflecting a less persistent be-

haviour in price setting. The improved price setting behaviour caused by increased

competition subsequently reduces persistence of inflation.

The benefits of competition on inflation dynamics are further emphasised in Khan

(2005). Using two specifications in pricing being the Rotemberg (1982) nominal

price adjustment and Calvo (1983) price structure, Khan (2005) shows that in-

creased competition dampens the impact of the markup shock on inflation. Under

the Rotemberg (1982) specification, while higher competition forces firms to reduce

their markup, it also makes price adjustment cheaper. This is because as firms move

closer towards perfect competition and the markup continues to decline, the size of

the optimal price adjustment falls thus making price adjustment cheaper. It implies

competition increases price flexibility and potentially raises inflation volatility. Un-

der the Calvo (1983) specification, Khan (2005) demonstrates that firms do not want

a large difference between their relative price and the average. This is because when

firms face fierce competition, any substantial difference in prices will lead to a loss

in market share. When these firms are affected by shocks to the markup, their con-

cern for the loss of market share deters them from making significant price changes.

As a consequence, the effects of the shock on the price level and inflation are reduced.
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However, Khan (2005) assumes the markup shock to be a white noise process and

therefore has no persistence. This assumption limits his analysis to only the relation-

ship between the markup shock and inflation, rather than inflation persistence. For

this reason, I extend his model by adding an exogenous persistence to the markup

shock in order to investigate the missing link. To this end, I combine the extension

on Khan’s (2005) model with the empirical finding of the persistence of the markup

shock reported in Smets and Wouters (2007). The combination yields two key pre-

dictions. Firstly, the markup shock is highly persistent, thus it most likely raises the

persistence of inflation. This is consistent with the argument in Fuhrer (2011) where

the markup shock persistence contributes significantly to the persistence of inflation.

Given the inverse relationship between competition and the markup shock, increased

competition effectively lowers the persistence of the markup shock and subsequently

the persistence of inflation.

Secondly, the markup shock is the dominant source of inflation volatility at any

time horizon (Smets and Wouters, 2007, p. 599). As a result, higher competition is

predicted to increase inflation volatility as it has been shown that price flexibility

increases with competition. This is largely due to the lower costs of adjusting price

as described in Khan (2005). The following section will illustrate the technical anal-

ysis of these predictions in more details.

Another benefit of increased competition is that it aids the transmission of mone-

tary policy to both inflation and output (Bergin and Corsetti, 2008). A decrease in

interest rate will encourage firm entry, evident in approximately 43 percent of busi-

ness formation and incorporation forecast error is due to interest rate movements

(or the innovations in borrowed reserve) (Bergin and Corsetti, 2008, p. 6). Following

a decrease in interest rate, the discounted profit will increase and encourage entry.

Once firms begin production and introduce new products, they expand the set of

available goods and services. It is important to note that not only does the quantity

of goods and services increase, so does their variety since goods and services are

highly differentiated from each other. Since consumers’ utility preference depends

on the variety index which signifies the “love of variety”, the increased variety re-

duces the cost of obtaining one additional unit for consumption (as households have

more goods and services to choose from), resulting in price decreases. The “love

of variety”, therefore, lowers the pressure on the aggregated price level and eases

inflation. This, in turn, also causes an upward adjustment in the measure of real

output (Bergin and Corsetti, 2008, p. 16). As a result, given an interest rate cut,

competition amplifies the effect of monetary policy on inflation and output in the
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presence of “love of variety”.

Lewis and Poilly (2012) provide an empirical extension to this model by show-

ing that inflation is inversely related to entry. The transmission of monetary policy

aided by entry is referred to as the “competition effect” where the price markup

decreases and eases the pressure on inflation when firms enter the market. This is

because both existing and new firms want to be more competitive through pricing.

The competition effect is estimated to be 0.40, implying the desired markup will

decrease by 0.40 percent for a 1 percent increase in products available due to firm

entry. It should be noted that although both Lewis and Poilly (2012) and Bergin

and Corsetti (2008) show supporting evidence for competition, they do not draw

the connection between competition and inflation persistence, which is explored in

this thesis.
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3 Theoretical Predictions

3.1 Theoretical Model

Following the theoretical model of Khan (2005), I denote the markup and monetary

policy shock to be θ̂t and ε̂t respectively. The relationship between inflation, the

markup shock and the monetary policy shock is depicted as

πt = aθ̂t + bε̂t (1)

where a and b are the coefficients of the markup and monetary policy shock as

described in Table 3 of Khan (2005). Both a and b contain the parameter depicting

the elasticity of demand for a firm, measuring the degree of substitutability between

the firm’s products and those of its competitors. When products are more substi-

tutable, the cost of switching decreases for consumers thus firms need to compete

more against its rivals to maintain sales. In other words, these parameters represent

the degree of competition which the firm faces. In this specification, I will focus

on the markup shock, θ̂t, as it is the key link between competition and inflation

persistence.

Following equation (1), I extend the model by assuming each of the shocks follows

an AR(1) process

θ̂t = φθθ̂t−1 + ηθ,t (2)

ε̂t = φεε̂t−1 + ηε,t (3)

with the innovations ηθ,t and ηε,t being independently and identically distributed

with mean zero and variances σ2
j where j = θ, ε respectively.

From equation (1), inflation persistence directly relates to the persistence of each

of the shock, separated by their corresponding coefficients. As long as each shock’s

persistence is distinguishable from each other, we can separately analyse its effect

on inflation persistence. In fact, if the markup shock is more persistent than the

monetary shock, that is φθ � φε, an increase in a will raise inflation persistence.

This argument relies on the empirical findings in Smets and Wouters (2007) who

show that these shocks have different degrees of persistence with the price markup

shock having a more lasting impact on inflation. The predictions of the theoretical

model on inflation persistence and volatility is examined further in Section 3.2.
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Combining (1), (2) and (3), inflation is then a process of lagged innovations from

the markup and monetary policy shock, ηθ,t and ηε,t

πt = a (1− φθL)−1 ηθ,t + b (1− φεL)−1 ηε,t (4)

where L is the first lag in the lag operator function

φ(L) = 1− φ1L− φ2L
2 − ...− φpLp

Multiplying both sides of equation (4) with (1− φθL) (1− φεL) to arrive at

(1− φθL) (1− φεL) πt = a (1− φεL) ηθ,t + (1− φθL) ηε,t(
1− (φθ + φε)L+ φθφεL

2
)
πt = a (1− φεL) ηθ,t + (1− φθL) ηε,t

πt − (φθ + φε)πt−1 + φθφεπt−2 = a (1− φεL) ηθ,t + (1− φθL) ηε,t (5)

suggesting inflation, πt, is an autoregressive moving average process, ARMA(2,1).

For simplicity, I respecify the notation in equation (5) as

(
1− δ1L− δ2L2

)
πt = (1− ϑL)ut (6)

where δ1 = φθ + φε and δ2 = −φθφε. In equation (6), ut captures the combination

of the markup and monetary policy innovations such that ut = aηθ,t + bηε,t with ϑ

being the parameter containing φθ, φε and the innovations’ relative variance1.

Assuming ϑ is invertible, i.e. |ϑ|<1, then equation (6) becomes

(
1− δ1L− δ2L2

)
(1− ϑL)−1πt = ut (7)

implying inflation is an AR(∞) process2

πt = µ+ φ1πt−1 + ...+ φpπt−p + ut (8)

where µ is the constant term and p represents the lag order and p →∞. This means

inflation is a univariate process and a linear combination of its infinite lags. This

motivates the choice of AR(p) models with long lag lengths, for example AR(8), to

mimic the structure of an AR(∞).

1Please refer to Proof A1 in Appendix A
2Please refer to Proof A2 in Appendix A

14



3.2 Predictions on Inflation Persistence and Volatility

In this section, I draw the connection between the theoretical model as in Khan

(2005) and the findings of Smets and Wouters (2007) to demonstrate the theoretical

predictions on inflation persistence and volatility. This exercise yields two main

predictions as implied by the theoretical model. Firstly, the price markup shock is

more persistent than the monetary policy shock, making it the main contributor

to inflation persistence. Secondly, the unconditional variance of the price markup

shock is larger than that of the monetary policy shock. This means that the price

markup shock largely determines the volatility of inflation as opposed to the mone-

tary policy shock.

In Smets and Wouters (2007), the processes assumed for the price markup shock

and monetary policy shock are ARMA(1,1) and AR(1) respectively such that

θ̂t = ρpθ̂t−1 + ξpt + µpξ
p
t−1 (9)

ε̂t = ρr ε̂t−1 + ξrt (10)

where ξpt and ξrt are independently and identically distributed with mean zero and

variance, σj where j =p, r and p and r denoting the price markup shock and the

monetary policy shock respectively . We are interested in the estimates of ρp, ρr, σp

and σr as they depict the respective persistence and variance of the price markup

shock and monetary policy shock. The degree of persistence is governed by the co-

efficients ρp and ρr which are bounded between 0 and 1. The closer the coefficient is

to 1, the more persistent the series becomes while an estimate of near zero indicates

a weak degree of persistence. The rows 2 - 4 in Table 3.1 report the estimates of ρp,

ρr, σp and σr from Smets and Wouters (2007).

As reported in Table 3.1, the mean estimates for ρp and ρr are 0.89 and 0.15 respec-

tively, indicating the price markup shock is more persistent. While we can directly

use the results for persistence, the variances reported in Smets and Wouters (2007)

are conditional variances. Therefore, they need to be converted to the unconditional

form. This is because the unconditional variance takes into account the persistence

of each shock. The more persistent the shock is, the larger the unconditional vari-

ance becomes relative to the conditional variance. To illustrate this point, I will

use the example of the AR(1) for the monetary policy shock whose unconditional
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Table 3.1: Key Properties of the Markup and Monetary Policy Shock

Markup Shock Monetary Policy
Shock

Process ARMA(1,1) AR(1)

Persistence 0.89 0.15

Conditional Variance 0.02 0.06

Conditional 0.14 0.24
Standard Deviation

Unconditional Variance 0.25 0.06

Unconditional 0.50 0.24
Standard Deviation

Note:Figures from row 1-4 are obtained from Smets and Wouters (2007)

which are used to compute the unconditional variance and standard

deviation in row 5 and 6.

variance, V ar(ε̂t), is given by

V ar(ε̂t) = V ar(ρr ε̂t−1) + V ar(ξrt )

= ρ2rV ar(ε̂t) + σ2
r

=⇒ V ar(ε̂t) =
1

(1− ρ2r)
σ2
r (11)

As seen in equation (11), the unconditional variance, V ar(ε̂t), depends on the size

of the persistence coefficient, ρr. Given the reported values of 0.24 and 0.15 for the

conditional standard deviation, σr, and the degree of persistence, ρr respectively,

the unconditional variance of the monetary policy shock, V ar(ε̂t), is 0.06. This im-

plies an unconditional standard deviation of 0.24. Due to the small persistence of

the monetary policy shock, the conditional and unconditional standard deviations

do not differ from each other in this case. However, the difference between the two

standard deviations will be more pronounced for the price markup shock because

this shock is more persistent.

Since the price markup shock follows the ARMA(1,1) process, converting between

the conditional and unconditional variances requires the ARMA(1,1) to be in state

space form. Consider the ARMA(1,1) of the price markup shock

θ̂t = ρpθ̂t−1 + ξpt + µpξ
p
t−1

ξpt ∼ iid(0, σ2
p)
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Define αt = (θ̂t ξ
p
t ) so the state equation for αt becomes

αt =

(
ρp µp

0 0

)
αt−1 +

(
1

1

)
ξpt (12)

The state equation matrices are T=

(
ρp µp

0 0

)
, R=

(
1

1

)
, Q=σ2

p.

The measurement equation is

θ̂t =
(

1 0
)
αt (13)

The unconditional variance therefore satisfies

vec(V ar(αt)) = (I4 − T ⊗ T )−1vec(RQR
′
)

Here, the simple algebra gives

vec(RQR
′
) =


σ2
p

σ2
p

σ2
p

σ2
p

 (14)

(I4 − T ⊗ T )−1 =


1

1−ρ2p
ρpµp
1−ρ2p

ρpµp
1−ρ2p

µ2p
1−ρ2p

0 1 0 0

0 0 1 0

0 0 0 1
1−ρ2p

 (15)

and so the unconditional variance of the price markup shock is the first element in

the vector, vec(Var(αt)), being

V ar(θ̂t) =
σ2
p

1− ρ2p
(1 + 2ρpµp + µ2

p) (16)

Given the reported values for the conditional standard deviation, σp, persistence,

ρp, and the coefficient of the innovation, µp, of 0.14, 0.89 and 0.69 respectively, the

unconditional variance is 0.25 implying an unconditional standard deviation of 0.5.

Here, the exercise demonstrates the marked difference in magnitude between the

conditional and unconditional standard deviations (0.14 as compared to 0.5). This

is because the latter is affected largely by the high degree of persistence, 0.89. The

key result of this exercise is that the unconditional variance of the price markup

shock, that is 0.25 is substantially higher than that of the monetary policy shock

being approximately 0.06.
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In summary, the price markup shock is more persistent and more volatile than

the monetary policy shock. Therefore, in this set-up the theoretical model predicts

that the price markup shock determines the degree of persistence and volatility of

inflation. Consequently, the markup shock will be less persistent yet more volatile

when competition increases since firms do not want a substantial difference between

their relative prices and the average to avoid losing market share. The volatility

comes from the lower costs to price adjustments which has been discussed previ-

ously. Based on the movements in persistence and volatility of the markup shock,

increased competition therefore reduces the persistence of inflation but it will raise

inflation volatility.
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4 Data

This section describes the data used to measure inflation in three countries: Aus-

tralia, the United Kingdom (U.K.) and the United States (U.S.). To check for

robustness, four measures of inflation are used: consumer price index (CPI), core

CPI, Gross Domestic Product (GDP) deflator and private consumption (PC) defla-

tor.

The data covers the period between 1947 - 2014 with data length reported in Table

B.1. Figure 1 provides the graphical presentation of the data3. As seen in Figure 1,

inflation in the three countries exhibits similar patterns. There are episodes of high

inflation during 1970s in contrast to the recent periods where inflation is relatively

lower and less volatile. The Australian series are obtained from the Australia Bureau

of Statistics while all other series of the U.K. and the U.S. are obtained from the

Federal Reserve Economic Data (FRED) of the Federal Reserve Bank of St.Louis.

All series are seasonally adjusted except for the inflation and core inflation series of

the U.K.. All series are in quarter terms except for the inflation and core inflation

series of the U.K. and the U.S. which are in monthly terms.

This section also reports the degree of persistence for each inflation series computed

using, ρ, in the augmented Dickey-Fuller model

πt = µ+ ρπt−1 +

p−1∑
j=1

φj∆πt−j + ut

In this model, ρ is the sum of all AR coefficients. When ρ=1, the series has a unit

root whereas the series is stationary for ρ <1. It is naive to model inflation in this

manner because it does not account for potential structural shifts in inflation (Levin

and Piger, 2004). The model simply assumes inflation dynamics remain unchanged

throughout the sample period, yet as depicted in Figure 1, it is more likely to observe

a smaller degree of inflation persistence when inflation is lower and more stable in

recent periods. Therefore, the estimates of ρ as reported in Table 4.1 are referred

to as “naive” estimates.

In addition, if ρ is estimated using the least-square method for the above speci-

fication, it will suffer from a downward bias and the confidence interval will not

3For the purpose of presentation, monthly data is converted into quarterly data. However, in
modeling and analysis, all series are in their original frequency.
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Figure 1: Inflation Rates
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have a correct coverage (Andrew and Chen 1994). Therefore, the coefficient will

be estimated using the grid bootstrap by Hansen (1999) with ρ̂ denoting the esti-

mated value of the persistence coefficient. The grid bootstrap also constructs the

confidence interval with the correct coverage by simulating the sample distribu-

tion of the t-statistic t= ρ̂−ρ
se(ρ̂)

over a range of true ρ values. Table 4.1 reports the

estimated persistence coefficient and its confidence interval at 95% significance level.

Table 4.1: Persistence Coefficient and 95% Confidence Interval

Inflation Core Inflation GDP deflator Consumption

deflator

Australia 0.78 0.93 0.84 -1.04

(0.64, 1.07) (0.86, 1.07) (0.74, 1.05) (-0.75, -0.18)

U.K 0.90 -6.46 0.87 -1.49

(0.83, 1.04) (-7.29, -5.72) (0.79, 1.06) (-2.18, -0.71)

U.S. 0.82 0.92 0.89 0.87

(0.75, 0.91) (0.88, 1.02) (0.83, 1.03) (0.80, 1.02)

Note: The persistence coefficient estimate is in bold text with the 5th and

95th percentiles reported below the estimate. The estimation method used

is Hansen (1999)’s grid bootstrap.

From Table 4.1, it is easy to see that inflation is highly persistent for the three

countries, evident in the large estimate of the persistence coefficient. Both of the

U.K and U.S inflation rate exhibit the highest degree of persistence where the coeffi-

cient is between 0.87 to 0.90 and 0.82 to 0.92 for the U.K. and the U.S. respectively.

On the other hand, Australia seems to have a lower degree of persistence with co-

efficient estimates below 0.84, except for the core inflation rate whose persistence

estimate is 0.93. This finding for the three countries corresponds to that of Levin

and Piger (2004) who also obtain results of high persistence when structural breaks

are not allowed for. On the other hand, it is noted that some results are not ex-

pected where the coefficients for the Australian Private Consumption deflator and

the U.K core inflation and Private Consumption deflator are not between 0 and 1

(which are the bounded values for ρ). However, this does not affect the final results

of this thesis. As it will be shown in later sections, there are no structural breaks

detected for these series and that they are excluded from my analysis of persistence

and volatility.
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5 Competition Legislation

This section is dedicated to discussing the countries’ major competition legislation

and the selection of enactment dates. Competition legislation plays an influential

role in re-shaping the competitive environment where anti-competitive contracts and

arrangements are prohibited. This thesis focuses specifically on legislation which ad-

dresses competitive issues associated with anti-competitive monopoly situation and

arrangements which potentially give rise to anti-competitive monopolistic behaviour,

such as cartels and mergers. This focus is motivated by the framework of Lewis and

Poilly (2012) which show that with entry, businesses reduce their price markup to

remain competitive thus placing an easing pressure on inflation.

In this sense, selecting legislation whose objective is to prevent increasing concen-

tration of market power and anti-competitive monopolistic behaviour, as opposed

to legislation which prohibits anti-competitive pricing arrangements, is key to this

analysis. It is important to note that the purpose of competition legislation is not

to encourage entry directly as implied in the work of Lewis and Poilly (2012). In-

stead, the legislation aims to deter businesses from abusing their substantial market

power to create barriers to entry. To this end, legal rules on competition do not ban

monopoly outright but rather assess the efficiency of the monopolist’s behaviour

(Rodger and MacCulloch, 2004). Similarly, competition policy regarding mergers

concerns only with the potential post-merger consequences where firms can effec-

tively achieve the monopoly position through merging their companies together.

Therefore, restrictions on merger and acquisition ensure that firms do not, directly

or indirectly, acquire of other body corporate which more likely lead to significant

lessening of competition in the market. As a result, apart from cartels, a monopoly

situation and merges are legal unless their behaviours harm competition, through

reducing market concentration, and consumers welfare.

Based on this criterion, the legislation chosen for this analysis are

• Australia: The Trade Practices Act 1974

• U.K.: The Fair Trading Act 1973 and the Competition Act 1980 and 1998

• U.S.: The Hart-Scott-Rodino Antitrust Improvements Act of 1976

The Trade Practices Act 1974 sets the foundations of competition policy in Aus-

tralia. The Trade Practices Act 1974 has recently been renamed and amended as
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the Competition and Consumer Act 2010, making it significant competition legisla-

tion in Australia. Despite the influential role of the Competition and Consumer Act

2010, it is excluded from the analysis as the year 2010 is removed from the sample

due to the 15 percent trimming factor. This will be clarified in later section.

While the Trade Practices Act is fundamental to the Australian competition legisla-

tive environment, its scope is limited by the Australian Government’s constitutional

power. This means that State and Territory government and government businesses

are generally exempted from the Act. As the result, the National Competition Pol-

icy (NCP) 1995 was established to expose previously sheltered public monopolies

– at both federal and state level - to competition. In the NCP, governments agree

to adhere to effective competition conditions and reform monopolies. The process

consists of elements such as separation of regulatory and commercial functions of

the monopoly, adoption of the corporatised governance model for government busi-

nesses and creation of independent authorities to oversee prices. Using price data on

two sub-periods being pre- and post-NCP, Productivity Commission (2005) reports

that the NCP has found to improve productivity. It therefore helps reduce the price

level in the targeted industries, particularly in infrastructure services.

In the case of the U.S., the three core competition legislations are The Sherman

Act 1890, the Clayton Act and the Federal Trade Commission Act of 1914 with the

Sherman Act 1890 being the most important one (Rodger and MacCulloch, 2004).

The Sherman Act 1890 prohibits monopolisation and all collusive behaviour or at-

tempts to monopolise as they are deemed as restraint of trade (Wood and Anderson,

1993). This makes the Sherman Act 1890 the key legislation which addresses the is-

sues associated with arrangements leading to monopolistic behaviour. The Clayton

Act 1914 further strengthens the Sherman Act 1890 by prohibiting price discrimina-

tion, exclusive dealing and tying contracts and most importantly, regulating mergers

(Wood and Anderson, 1993).

However, both the Sherman Act 1890 and the Clayton Act 1914 are excluded from

the analysis since the U.S. inflation data only goes back to 1947. To overcome this

problem, I search for amendments of the two legislations, one of which being The

Hart-Scott-Rodino Antitrust Improvements Act of 1976 (HSR Act). The HSR Act

enhances the Clayton Act 1914 by establishing the premerger notification program.

It requires merging parties to provide information regarding the merger and imposes

a waiting period on the merging parties.

The program has two primary antitrust intentions. Firstly, it aims to reduce the
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number of “midnight” mergers where firms secretly organise the dealing just before

or after the closing takes place. Secondly, private industry can be made aware of

the antitrust laws and take them into considerations in merging transactions. The

Federal Trade Commission (1979) shows that the HSR Act has a remarkable impact

on merger activities by effectively achieving these two objectives. This is evident

in the downward trend in the number of second requests as a percentage of total

transactions made to the Commission since the HSR Act is in place. During the

waiting period the antitrust agencies can request additional information, known as

“second requests”. The decline in “second request” reflects the deterrence impact

of the HSR Act as businesses increasingly avoid being involved in transactions that

may be illegal, knowing that the Commission can investigate into the nature of the

merger and challenge the transaction if it is perceived as anti-competitive.

Lastly, for the U.K., I will place more emphasis on the Fair Trading Act 1973 and the

Competition Act 1998. The Competition Act 1998 is the most crucial competition

policy in the U.K. as it covers a broader range of anti-competitive aspects, including

prohibition of abuse of market power which is lacking in the Fair Trading Act 1973.

While the Competition Act 1980 is repealed by the Competition Act 1998, the Fair

Trading Act 1973 is still retained due to its effectiveness and flexibility in dealing

with monopolies and complex oligopolies (Rodger and MacCulloch, 2004, p.112).

Moreover, the Competition Act 1998 does not directly control mergers which are left

to be investigated according to the guidelines in the Fair Trading Act 1973 (Rodger

and MacCulloch, 2004, p.228). In this sense, the Fair Trading Act 1973 addresses

the two key interests of this thesis which is regulating abuse of market power from

monopolies and potentially anti-competitive mergers. Therefore, the Competition

Act 1998 is included for its recognised importance in the U.K. competition legal

framework and the Fair Trading Act 1973 is included for its relevance.

Therefore, we take the crucial dates 1974 and 1995 (Australia), 1973, 1980 and

1998 (U.K.) and 1976 (U.S.) seriously as they pose significant changes to the degree

of competition in the market. In addition, based on the reports by Productivity

Commission (2005) and Federal Trade Commission (1979), the response of infla-

tion to legislation is likely to experience a lag as it requires considerable time for

businesses to adapt to the more stringent legislative environment, and most likely

higher competition. I acknowledge the limitations of this set of chosen legislation

dates as there are much other legislation which can potentially affect competition.

In addition, free trade agreements would play an influential role in determining the

level of competitiveness in the economy. However, due to the resources available,

the analysis of this thesis is limited to the dates specified as above.

24



The main objective of my analysis is to match the observed structural breaks in

inflation persistence to the specified legislation dates to make the connection be-

tween competition and inflation persistence. Although this analysis does not estab-

lish the causal relationship between competition and inflation persistence, its results

initiate an interesting insight into the potential benefits of competition on inflation

dynamics, which may be of interest for future research.

25



6 Empirical Method

This section describes the empirical method of estimating the structural breaks

and confidence sets. Section 6.1 depicts the method of identifying structural breaks

including the general model and other specifications which allow for breaks in mean,

persistence and volatility of inflation. In Section 6.2, I will describe in details the

supF(l+1|l) statistics of Bai and Perron (1998, 2003) and the construction of the

inverted likelihood-ratio (ILR) confidence sets of Eo and Morley (2014).

6.1 Methods for Identifying Structural Break

6.1.1 General Specifications

From Section 3.1, the theoretical framework implies that inflation can be described

as an AR(∞) process. In this section, the AR(∞) process is modified into the

augmented Dickey-Fuller (ADL) form to conveniently measure inflation persistence

πt = µ+ ρπt−1 +

p−1∑
j=1

φj∆πt−j + ut (17)

where ut is a serially uncorrelated but potentially heteroskedastic error term. An-

drew and Chen (1994) advocates the use of ρ as a measure of persistence since ρ

captures the sum of AR coefficients (ρ ≡
∑p

j=1 φj). If ρ=1, the series has a unit

root or non-stationary, whereas |ρ|<1 depicts a stationary series.

6.1.2 Structural Breaks in Mean, Persistence and Volatility

To allow for structural breaks in mean and persistence, I employ the modification

of equation (17) as in Levin and Piger (2004)

πt = µ0 +Dtµ1 + (ρ0 +Dtρ1) πt−1 +

p−1∑
j=1

φj∆πt−j + ut (18)

where

Dt =

0, for t < T

1, for t ≥ T
(19)

with T denoting the break date. Note that I allow for the same break in mean and

persistence, D t. The lag order p for the differenced lags,
∑p−1

j=1 φj∆πt−j, is chosen

using the Akaike Information Criterion (AIC) which is reported in Appendix B.
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While not reported here, using the Schwarz Information Criterion (SIC) does not

alter my conclusions.

To estimate break points in inflation volatility I consider the model for the error

term from equation (18) as

u2t = γ0 +Du,tγ1 + εt (20)

As before the error term, εt, is serially uncorrelated but possibly heteroskedastic.

In addition, I do not assume the same break point in inflation volatility as that in

mean and persistence. Therefore, a different notation is used for the break point

in volatility as Du,t where Du,t is 0 for t<Tu and 1 for t≥Tu with Tu denoting the

break point in inflation volatility.

Particularly I do not specify the break point, T and T u, a priori but rather al-

low for the number and timing of break points to be estimated from the data. To

detect the break points, I am interested in testing the null hypothesis of stability

against the alternative of a structural shift. Using equation (20) as an example,

the null hypothesis of stability is H 0: γ1=0 against the alternative, H 1: γ1 6= 0.

For each series, the break point is assumed to be unknown and detected using the

supF(l+1|l) statistics (Bai and Perron, 1998, 2003). As a check for robustness,

the Quandt Likelihood Ratio (QLR) statistic (Quandt, 1960) has also been

used.

For the QLR statistic, the critical values are generated using Hansen (2000)’s ”Fixed

Regressor Bootstrap”. This is because it is crucial to take into account the struc-

tural change in the distribution of the parameters (e.g.,γ1) due to the nuisance break

dummy variable (e.g., Du,t). The bootstrap procedure allows for heteroskedasticity

in the error term under the null hypothesis. It also accounts for the structural change

in the marginal distribution of regressors which are lagged dependent variables. It

is crucial to account for the structural change in the regressor distribution because

when the change is large, failing to account for the break in distribution leads to loss

in test power and substantial underrejection of the null hypothesis (Hansen, 2000).

Both the supF(l+1|l) and QLR statistics allow for multiple break points in gen-

eral settings for univariate models, thus appropriate for the model employed in this

thesis. The QLR statistic is the maximum Chow test statistics, which search over

all possible break point candidates. When the QLR rejects the null hypothesis of

stability, it can mean there is a single break, multiple breaks or a gradual change in
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the regression structure, thus not quite informative. On the other hand supF(l+1|l)
statistics can precisely identify the number and timing of break points when there

exist multiple breaks. The procedure also allows for the change in the distribution

of the error term. Due to the superior performance of the supF(l+1|l) statistics,

results from the supF(l+1|l) statistics are preferred over those of the QLR statistics

whenever discrepancies between the two statistics exist.

After break points in equation (18) and (20) are estimated, I construct their confi-

dence sets using the Inverted Likelihood Ratio (ILR) method developed by Eo and

Morley (2014). The confidence set informs about the nature of the break point.

When the confidence set is narrow, it signifies an abrupt change whereas a wider

confidence set implies a more gradual transition.

The parameters in equation (18) and (20) are then estimated using the grid boot-

strap method for univariate model (Hansen, 1999). We are particularly interested in

ρ0, ρ1, γ0 and γ1 as they depict the change in the degree of persistence and volatility

of inflation before and after the strucural break.

6.2 Structural Breaks Test Statistics and Confidence Sets

6.2.1 Identification and Estimation of Break dates

The QLR statistic has been widely used in literature. It is the largest of many F-

statistics which are computed over a range of potential break candidates. However,

the distribution of the QLR test statistic is different from a standard F-statistic

where the distribution of the QLR statistics depends largely on the number of re-

gressors (or restrictions) and the trimming factor. In this particular case, the major

concern is the break dummy variable which causes a shift in the distribution of its

coefficient. Therefore, it justifies the use of Hansen (2000)’s bootstrap method in

order to compute critical values from non-standard distributions.

On the other hand, the supF(l+1|l) statistics has only been introduced into struc-

tural break analysis since 1998, yet proven popular among cases relating to break

multiplicity. The test statistic tests the null hypothesis of having l breaks against

the alternative of l+1 breaks. The test compares the model’s sum of squared resid-

uals with l breaks and that of l+1 breaks. Given this procedure, Bai and Perron

(1998) considers a sequence of tests, for example 0 vs. 1, 1 vs. 2 and so on.

The supF(l+1|l) is computed as followed4:

4using the same notation as in Bai and Perron (1998)
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• For the model with l breaks, estimate the break dates (T̂1,...,T̂l)

• For each l+1 segment, using T̂1,...,T̂l as partitions, test for the presence of an

extra break. That is, for each segment, the null hypothesis of no structural

break is tested against the alternative of a single break.

• The null hypothesis of having l breaks is rejected in favour of l+1 breaks when

the sum of squared residuals in the l+1 breaks model is sufficiently smaller

than that of the l break model.

In testing for structural breaks, I use a trimming percentage of 15 percent. This

assumes there is no break in mean, persistence and volatility in the first and final 15

percent of the sample. Due to trimming, the Australian Competition and Consumer

Act 2010 will not be considered because the year 2010 is excluded from the sample.

The break dates are reported in Section 7. The critical values are available from Bai

and Perron (1998, 2003).

6.2.2 Inverted Likelihood-Ratio Confidence Sets

Following the previous section, confidence sets are constructed around the point es-

timate of the breaks using the ILR confidence set as developed by Eo and Morley

(2014). The ILR confidence sets are valid in the broader setting of both univariate

and multivariate linear regressions with general assumptions about the error and re-

gressors. To this end, the ILR confidence sets can be applied onto models allowing

for structural breaks in both mean and variance.

The other confidence intervals and confidence sets in literature are of Bai (1997), Qu

and Perron (2007) and Elliott and Muller (2007). The confidence intervals of Bai

(1997) are designed for a univariate setting allowing for only a single break in mean

with no break in variance. The analysis is also under fairly general assumptions on

the error term. By contrast, the confidence intervals of Qu and Perron (2007) can

be applied into a more general analysis. The intervals are valid in a multivariate

linear regression allowing for multiple breaks in mean and variance. Lastly, Elliott

and Muller (2007) propose the confidence set for additional break date based on

a maintained break date. However, this confidence set is only limited to a single

additional break. Therefore, only the Qu and Perron (2007) and the ILR confidence

sets can be generalised to the broad setting of multiple breaks in both mean and

variance as studied in this thesis.

In the experiment considering a finite sample and a fixed-magnitude break in mean

and/or variance, as it would be in reality, the ILR confidence set shows a stronger
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performance over the Bai/Qu and Perron confidence interval (Bai/QP henceforth)

and the Elliott and Muller confidence set (EM henceforth). For a break in mean,

the 95 percent ILR confidence set overcovers and has the shortest length, as com-

pared to the Bai/QP which undercovers despite a relatively longer length. The EM

confidence set has the longest length despite having accurate coverage. For breaks

in mean and variance, the ILR confidence set once again outperforms Bai/QP with

the shortest length and overcoverage. Overall, the ILR confidence set’s length is

only half of that of the Bai/QP confidence interval and the EM confidence sets.

The ILR confidence set is then applied onto postwar U.S. real GDP and consump-

tion to investigate the structural breaks in these series. The method aims to test

the ILR confidence set’s empirical performance against the QP confidence interval.

In the univariate setting, the ILR confidence set correctly identify the structural

breaks and is much narrower than the QP confidence interval, thus more precise

and informative than the other confidence intervals.

Let T 0
j denote the true break date. The ILR confidence set as in Eo and Mor-

ley (2014) for the j th break date is constructed by inverting the likelihood ratio

test of H 0 : T j=T 0
j in sequences with different values of T j. The likelihood ratio

statistics is

LRj = −2
[
lrj (Tj)− lrj (T̂j)

]
(21)

where lrj (T̂j) = max
Tj

lrj (Tj) and T̂j = argmax
Tj

lrj (Tj). The term lrj (Tj) denotes the

natural logarithm of the profile likelihood function for the j th break. Prior to con-

structing the confidence set, the number of breaks, m, the break dates, (T 1,...,Tm),

and the parameters are consistently estimated using the method developed by Bai

and Perron (1998, 2003). The likelihood ratio test is inverted for all hypothesised

break dates T j within the trimmed sample (T̂j−1+εT, T̂j+1-εT ) where T̂ and ε de-

noting the estimated break date and trimming factor respectively. The trimming

factor is set to be 15 percent in this analysis. This assumes no break occurs at the

initial and final 15 percent of the sample.

The 1 - α confidence set for the j th break date is obtained by calculating the

critical value, κα,j, from a non-standard distribution. The hypothesised break dates

T j are included in the set if LRj(Tj)≤κα,j. The distribution of the likelihood ratio

statistics is

LRj ⇒ ξ = max
v
Z(v) (22)
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where

Z(v) =

ω1,j (−|v|+ 2Wj(v)) , for v ∈ (−∞, 0]

ω2,j (−|v|+ 2Wj(v)) , for v ∈ (0,∞)
(23)

where W j is a standard Wiener processes defined on the real line,

ω1,j =
Γ2
1,j

Ψ1,j

, and ω2,j =
Γ2
2,j

Ψ2,j

(24)

The distribution of max
v

Z(v) is as of Bhattacharya and Brockwell (1976). The ω1,j

and ω2,j are scaling factors for the break dates in the distribution of the likelihood

ratio statistics. The critical value κα,j is solved for from the distribution ξ which is

P (ξ ≤ x) =

(
1− exp

(
−x

2ω1,j

))(
1− exp

(
−x

2ω2,j

))
(25)

The confidence set is therefore

Cj,1−α = {Tj : LRj(Tj) ≤ κα,j} (26)
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7 Results

7.1 Evidence of the Competition Effect on Inflation

The break points estimated for mean and persistence using supF(l+1|l) statistics are

reported in Table 7.1 and volatility in Table 7.2. The break dates estimated using the

QLR statistics is reported in Table B.3 and Table B.4 in Appendix B. Before going

to the results, it is important to clarify two points. Firstly, results from supF(l+1|l)
statistics are preferred over those of QLR statistics since the supF(l+1|l) accounts

for the distribution of errors, a superior property when estimating break dates in

the error term. This is mostly relevant to breaks in inflation volatility where dis-

crepancy between the two statistics exists.

Secondly, for all of the legislation dates of 1974 and 1995 for Australia, 1973, 1980

and 1998 for the U.K. and 1976 for the U.S., break dates as estimated from the data

are not expected to be identical to these legislation dates. This is because new poli-

cies and legislations take a long time to be implemented or take effects thus causing

the delay in the market response. Some might argue that firms can anticipate the

legislative change and consequently respond before the legislation is enacted. While

this argument is reasonable, both reports by the Federal Trade Commission (1979)

and the Productivity Commission (2005) did not find signs of early reaction or an-

ticipation. As a consequence, I place more emphasis on the delayed market response

when interpreting my results.

From Table 7.1, most break points identified for mean and persistence of infla-

tion scatter from late 1960s to early 1980s. This is in much contrast with the break

points reported in Levin and Piger (2004) which concentrate mainly in the early

1990s. The only break points from my analysis which resemble those of Levin and

Piger (2004) are the structural break in Quarter 1, 1991 for the Australian inflation

rate and core inflation rate. The difference in the timing of break dates can be due

to the choice of lag lengths between my model and that of Levin and Piger (2004).

As reported in Table B.2, my model differs by having a minimum of 8 lags up to

a maximum of 14 lags whereas Levin and Piger (2004) has a maximum of 4 lags

in their model. As justified in the Section 3.1, the theoretical model calls for an

AR(∞) thus requiring the long lag length.

For Australia, the legislation dates are in 1974 and 1995. The breaks identified

for the Australian inflation and core inflation rate, being in Quarter 1, 1991, do
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Table 7.1: Mean and Persistence Break Dates

Inflation Core Inflation GDP deflator Consumption deflator

Australia 1991Q1 1991Q1 1975Q1 —
— — 1983Q2 —

U.K. 1970M01 — 1968Q2 —
1980M05 — 1981Q1 —

U.S. 1967M04 — 1959Q2 1967Q2
1981M10 — — 1981Q2

Legislation Enactment Dates

Australia: 1974 1995 U.K.: 1973 1980 1998 U.S.: 1976

not match the legislation dates. By contrast, the first break of the GDP deflator

inflation rate, being in Quarter 1, 1975, is relatively close to the legislation date.

However, there is no break detected near 1995 which is the second legislation date for

Australia. A possible explanation is that the National Competition Policy in 1995

is an agreement promoting competition between the federal and state governments

rather than legislation. In addition, it serves the purpose of extending the coverage

of the Trade Practices Act 1974 onto state government businesses. The Trade Prac-

tices Act 1974 therefore remains the central competition legislation for Australia.

As a result, the market may not have responded strongly to the introduction of the

National Competition Policy in 1995 and that the effect of the policy is not reflected

in inflation. Overall, given that there is only one break near the 1974 legislation

date, the evidence for Australia is quite weak suggesting that competition is not the

main cause of the breaks in inflation persistence.

For the U.S., compared to the legislation date in 1976, the evidence is also weak since

breaks are identified at either ends of late 1960s and early 1980s. The only breaks

which are close to the legislation date are in October 1981 for the inflation rate and

Quarter 2, 1981 for the Private Consumption deflator inflation rate. The long time

gap of six years is explained in the report by the Federal Trade Commission (1979).

Here, the legislation was found to be effective in controlling merger activities yet

its impact could only be detected from 1979 onwards. However, the estimate of the

legislation impact lag is not reliable due to the lack of data and statistical analysis

in the report. Consequently, there is insufficient evidence supporting the gradual

effect of the legislation over the period of six years. For this reason, I do not consider

the breaks in 1981. This indicates there is no evidence supporting the link between

competition and U.S. inflation.
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Despite the poor evidence from Australia and the U.S., the results found in the

U.K. are promising. Given the first two legislation dates of 1973 and 1980, three

out of four breaks detected are in the same timeframe. For the inflation rate, the

breaks are in January 1970 and May 1980. For the GDP deflator inflation rate, its

second break is in Quarter 1, 1981. However, it is noted that the break in January

1970 is in lead of the legislation date in 1973 thus suggesting a weak link between

these two events. This is because as mentioned earlier, both government reports

show that legislation has a lagged effect on the market, thus any response from the

economy will occur after the legislation is enacted. As a result, there are only two

breaks which are in the same timeframe as the legislation date for the U.K., being

May 1980 and Quarter 1, 1981. Based on the overall evidence of the three countries,

competition as implied through changes in competition regulations may not have

much impact on inflation persistence as expected.

While competition policy may not have triggered the structural breaks in persis-

tence, the result also shows that attributing these breaks to changes in monetary

behaviour can be inappropriate. I first focus on Australia and the U.K. which adopt

inflation targeting in recent periods. For Australia, although the adoption year is

in 1993, the estimated break dates are in Quarter 1, 1991. Given that there exists

transmission and implementation lags to monetary policy, the change in monetary

policy may not have caused the break in persistence. Next, consider the two crucial

dates of 1992 and 1998 for the U.K. which respectively correspond to the official

adoption of inflation targeting and the Bank of England independence in setting

interest rate (Bean, 2004), none of the breaks identified for thel U.K. are in 1990s.

Therefore, there is a lack of support from the data demonstrating the link between

inflation targeting and changes in inflation persistence.

By contrast, there is some evidence in the U.S. data where the breaks align very well

with the shift in monetary regimes. From Goodfriend and King (2005), monetary

policy was tightened with the fed fund rate increasing from 9% to nearly 19% in

December 1980, marking the start of the Volcker disinflation period. Given that

disinflation took place from late 1980 to early 1981, the effect of the change in mon-

etary policy is well reflected in the data. This is evident in the second break in May

1980 for the inflation rate and Quarter 1, 1981 for the GDP deflator inflation rate

which occur shortly after the start of disinflation in early 1980. Weighting all of the

evidence, only the U.S. data can show the connection between monetary policy and

inflation persistence. Thus monetary policy is not the only factor leading to changes

in inflation persistence.
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Table 7.2: Volatility Break Dates

Inflation Core Inflation GDP deflator Consumption deflator

Australia — — 1975Q4 1979Q1

U.K. 1972M09 1981M05 1971Q3 —
1981M05 — 1979Q4 —

U.S. 1958M04 1974M03 1959Q2 —
2004M08 1983M01 — —

Legislation Enactment Dates

Australia: 1974 1995 U.K.: 1973 1980 1998 U.S.: 1976

Despite the poor results for mean and persistence, the competition legislation seems

to have a marked effect on inflation volatility as shown in Table 7.2. This is as pre-

dicted theoretically where the unconditional variance of the markup shock is five-fold

greater than that of the monetary policy shock (as in Table 3.1, the unconditional

variance for each respective shock is 0.25 and 0.06). For Australia, compared to the

legislation date of 1974, the break found for the Australian GDP deflator inflation

rate is at Quarter 4, 1975. However, similar to breaks in mean and persistence, there

is no break detected in volatility for the 1995 legislation date.

For the U.K, all five breaks identified are around the legislation date of 1973 and

1980. For 1973, the first break of both the inflation rate and GDP deflator inflation

rate are in the same timeframe, being September 1972 and Quarter 3, 1971 respec-

tively. While these breaks occur relatively close to the 1973 legislation date, they

are both lead response thus do not constitute strong evidence. By the same token,

although the second break of the GDP deflator inflation rate is close to the legisla-

tion date of 1980, it represents a lead response thus is not caused by the legislation.

For this legislation year the breaks in the inflation rate (second break) and the core

inflation rate, both being May 1981, align with the legislation timing in 1980.

To reconcile with Section 5, the legislation in 1973 and 1998 are expected to be

the most significant competition policies to the U.K.. In fact, the 1998 legislation

is the most influential one in the U.K. competition legislative environment. Since

no break is found near 1998, it is questionable whether competition has an impact

on inflation volatility. On the one hand, competition may indeed have no signif-

icant effect on inflation volatility. On the other hand, perhaps the scope of the

1973 legislation has already covered all the major competition issues, thus leaving

little opportunities for improvements in the 1998 legislation. In fact, there are many

overlaps between the two legislations with the only difference being the deterrence
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mechanism given under Chapter I and Chapter II prohibitions under the 1998 leg-

islation, which is lacking in the in 1973 legislation (Rodger and MacCulloch, 2004,

p. 113-114). Therefore, it is reasonable to think that competition does influence

inflation volatility despite the absence of structural breaks in 1998.

For the U.S., the legislation date in 1976 cannot be matched with the breaks found.

Overall, there are three breaks in volatility which coincide with the legislation dates,

with one coming from the Australian data and the others from the U.K. data. Al-

though the number does not seem substantial, when breaks are compared against

the dates at which shifts in monetary regimes occur, it can be clearly shown that

monetary policy does not play an influential role in determining inflation volatility.

For Australia and the U.K., all of the breaks identified are not in 1990s where the

changes in monetary policy take place, i.e. inflation targeting. For the U.S., given

the start of disinflation in 1980, the only break in volatility which has a similar

timing is January 1983 for the core inflation rate. This indicates that the shifts in

monetary regimes do not have strong effects on changes in inflation volatility.

As a result, it is reasonable to make three observations based on these results.

Firstly, neither competition nor monetary policy shows prominent signs of having

an impact on inflation persistence. Secondly, competition may not have as strong

of an effect on inflation persistence as previously hypothesised yet its effect is more

notable on inflation volatility. Lastly, changes in inflation volatility does not relate

to changes in monetary regimes.

7.2 The Long Transition of Break in Persistence

The ILR confidence set is then constructed for each of the breaks reported in Table

7.1 and Table 7.2. Figure 2 and Figure 3 respectively plot the confidence sets for

breaks in persistence and volatility. As discussed, a short confidence set implies that

the break occurs over a short period as opposed to a confidence set of longer length

which suggests a more gradual shift.

The confidence sets for the persistence breaks in the Australian series have a short

coverage, implying that shifts in the degree of inflation persistence occur rapidly.

However these shifts still cover a considerably large period, with a minimum of 11

quarters to a maximum of 25 quarters. The periods run from Quarter 3, 1989 to

Quarter 2, 1992 for the inflation rate and Quarter 3, 1989 to Quarter 1, 1994 for

the core inflation rate. For the GDP deflator inflation rate the first break occurs

between Quarter 3, 1959 and Quarter 3, 1975 and the second between Quarter 1,
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1982 and Quarter 3, 1984.

A noticeable characteristic of these confidence sets is that they contain other po-

tential breaks which have not been identified by the Bai and Perron (1998, 2003)

method. For example for the Quarter 1, 1991 break date in the inflation rate, apart

from the confidence set covering the period between Quarter 3, 1989 to Quarter 2,

1992 thus containing the break date, the ILR confidence set also includes the period

between Quarter 2, 1999 to Quarter 3, 2000. For the rest of the discussion, I will

refer to the former confidence set (which contains the break date) as a “primary”

set and the latter as a “secondary” set. While the secondary sets are quite small for

the Australian inflation and core inflation rate, they are much wider for the GDP

deflator inflation rate covering up to 34 quarters thus implying a more gradual tran-

sition in this period.

In contrast to the rapid shift in persistence of the Australian inflation rates, the

change in persistence in the UK inflation rates is relatively more gradual. This is

evident in the long confidence set which covers approximately 6 years for the second

break in the UK inflation rate dating in May 1980. For the GDP deflator inflation

rate, the confidence set for the second break which occurs in Quarter 1, 1981 runs

for approximately 29 years from Quarter 3, 1976 to Quarter 3, 2005. While both

breaks occur within a similar timeframe (breaks are one-year apart from each other),

their confidence sets suggest that one is substantially more gradual than the others

thus creating a conflicting result.

Similarly the confident sets for the US inflation rates are quite wide covering a

minimum period of 11 years with the exception for the second break in the US

inflation rate. This break, dating at Quarter 2, 1981, has a short confidence set run-

ning from June 1981 to April 1982. The confidence set also includes other potential

breaks dating from early 1990s to early 2000s. Their respective narrow confidence

sets indicate that in these periods, the degree of persistence experiences rapid struc-

tural shifts. However, I obtain yet again a conflicting result when comparing the

said break with the second break in the Private Consumption deflator inflation rate.

While both breaks are only four months apart, the confidence set for the former is

substantially shorter than that of the latter. As mentioned, the confidence set for

the former covers a period of 10 months which is in sharp contrast to a 37-years

period as depicted by the confidence set of the latter.

The discrepancy could be explained by the data frequency. While the inflation

rate is dated monthly, the Private Consumption deflator inflation rate is in quarter
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Figure 2: Structural Breaks in Mean and Persistence: 95% Confidence Set
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Figure 3: Structural Breaks in Volatility: 95% Confidence Set
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terms. Therefore the higher frequency of the inflation rate allows for the finer detec-

tion of other potential breaks, reflected through the large amount of secondary sets

for the inflation rate. While the inflation rate has in total five confidence sets com-

prising of one primary and four secondary sets, the Private Consumption deflator

inflation rate has one long primary confidence set. When taking the length of all five

confidence sets together, we can see that they actually cover a similar time period

as the confidence set of the Private Consumption deflator inflation rate. Since the

confidence set of the inflation rate can finely detect a range of possible breaks, it is

more informative about the break for which it is constructed, being October 1981.

This date is important because as discussed earlier, it aligns well with the start of

the Volcker disinflation period. This means that such shift in monetary regime is

rather abrupt than gradual depicting a swift effect of monetary policy on inflation

persistence.

While the structural change in persistence is gradual, the confidence set for breaks in

volatility is relatively shorter for most breaks in the three countries. The confidence

sets cover short timeframes ranging from a minimum of 1 year to a maximum of 4

years, with three exceptions being 7 years for the second break of the US inflation

rate and 8 and 18 years for the break in the Australian GDP deflator and Private

Consumption deflator inflation rate respectively. Another observation is that breaks

in volatility in Australia are most gradual compared to the other countries. Both

breaks in the UK GDP deflator inflation rate occur only over one year as opposed

to eight years of the Australian GDP deflator inflation rate.

7.3 The Recently Lower Inflation Persistence and Volatility

Given the structural breaks, the model is re-estimated to determine if inflation per-

sistence and volatility has changed. The coefficients of interest are ρ0 and ρ1 for

inflation persistence from equation (18) and γ0 and γ1 for inflation volatility from

equation (20). The results for inflation persistence and volatility are reported in

Table 7.4 and Table 7.5 respectively.

Before I discuss about the change in persistence and volatility, it is worth pay-

ing attention to how inflation persistence varies when only the break in mean is

allowed for. Compared to Table 4.1, inflation in Table 7.3 shows a smaller degree of

persistence after allowing for the break in mean.

Based on the results in Table 7.3, inflation persistence tends to be quite low with

the persistence coefficient estimate ranging between 0.50 and 0.60 for all inflation
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Table 7.3: Persistence Coefficient with Break in Mean

Inflation Core Inflation GDP deflator Consumption
deflator

Australia 0.51 0.96 0.78 —

U.K. 0.67 — 0.62 —

U.S. 0.65 — 0.89 0.69

Model Specification with Structural Break in Mean

πt = µ0 +Dtµ1 + ρπt−1 +

p−1∑
j=1

φj∆πt−j + ut

where ρ denotes the persistence coefficient

measures of the three countries. For example, the persistence coefficients of the Aus-

tralian inflation rate and core inflation rate without break in mean are 0.65 and 1.00

respectively. However, inflation persistence decreases by -0.33 and -0.36 respectively

for each measure when breaks are allowed for. This suggests that when measuring

persistence, failing to account for structural breaks can yield inaccurate estimates.

It is useful to reiterate the theoretical predictions about the effect of competition

before discussing the empirical results. In a higher competitive environment, in-

flation persistence is dampened yet volatility increases as firms change prices more

frequently. Therefore, for breaks which align with legislation dates, inflation is ex-

pected to be less persistent and more volatile in the post-legislation period. For

inflation measures with a single break, persistence is high in the pre-break period

yet low in the post-break period. For inflation measures with two break points,

inflation persistence generally rises after the first break yet becomes stable and de-

creases after the second break. Using the U.K. as an example, Table 7.4 reports

that the persistence coefficient is 0.51 in the first regime then increases to 0.81 after

the break in January 1970. It subsequently falls to 0.56 after the break in May 1980

which is close to the enactment of the Competition Act 1980 in the U.K..

Similarly for the U.S., the Private Consumption deflator inflation rate is most per-

sistent after the first break in Quarter 2, 1967, with the coefficient increasing from

0.52 to 0.85. After the second break in Quarter 2, 1981, the coefficient decreases

to 0.58 indicating a less persistent inflation. So far the results are in line with the

findings found elsewhere (Levin and Piger, 2004, Cogley and Sbordone, 2008 and

Cogley et al., 2010), yet differ from those of Benati (2008) where the U.S. inflation

rate is found to be highly persistent even in recent periods. The results in Benati

(2008) differ from those of Cogley et al. (2010) and Cogley and Sbordone (2008)
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Table 7.4: Persistence Coefficient

Parameter Inflation Core Inflation GDP deflator Consumption
deflator

Australia ρ0 0.65 1.00 0.82 —
(0.18) (0.11) (0.10) —

ρ1 −0.32 −0.36 −0.57 —
(0.16) (0.15) (0.18) —

ρ2 — — 0.54 —
— — (0.18) —

U.K. ρ0 0.51 — −0.03 —
(0.09) — (0.17) —

ρ1 0.29 — 0.76 —
(0.08) — (0.16) —

ρ2 −0.24 — −0.23 —
(0.07) — (0.13) —

U.S. ρ0 0.57 — 0.42 0.52
(0.07) — (0.10) (0.11)

ρ1 0.10 — −1.12 0.32
(0.08) — (0.33) (0.11)

ρ2 −0.00 — 0.48 −0.26
(0.07) — (0.10) (0.11)

Model Specification - Inflation Persistence with Structural Break

πt = µ0 +Dtµ1 + (ρ0 +Dtρ1)πt−1 +

p−1∑
j=1

φj∆πt−j + ut

where ρj denotes the persistence coefficient in different regimes

Note: Standard errors are reported in brackets.

because he focuses on inflation itself rather than the inflation gap. Nevertheless, it

is hard to reconcile his results with what is found here because U.S. inflation clearly

shows a significant reduction in persistence in recent decades. Although the decline

in inflation persistence for the three countries is consistent with the theoretical pre-

diction, the misalignment between the structural break in persistence and legislation

date as shown in the preceding discussion points to the conclusion that competition

does not trigger the decline.

It is worthy to note that inflation persistence generally displays a hump-shaped

pattern across the three countries. Inflation persistence was low in the late 1960s,

increased during 1970s and decreased in recent decades. The common increase in

the early 1970s gives rise to the argument that it can be triggered by other macroe-

conomic factors. As it will be discussed subsequently, the increase in persistence in

1970s can be attributed to global factors such as the oil crisis or the collapse of the
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Bretton Woods.

I next present the estimates for the γ’s parameter which indicate the changes in

inflation volatility. Table 7.5 shows that inflation is also less volatile in recent peri-

ods, reflected through the reduction in magnitude of the γ estimates. This is in line

with the results of Stock and Watson (2007), Cogley and Sargent (2002) and Cogley

et al. (2010). Analogous to inflation persistence, series with a single break have high

volatility in the pre-break period yet much lower in the post-break period. I take

particular interest in the Australian GDP deflator inflation rate since its structural

break matches the legislation date in 1974. Firstly, it is noted that inflation is rel-

atively less volatile for Australia even when the break is not accounted for. This is

evident in the estimated value for γ being less than 10 as compared to an estimated

value of at least 57 for the U.K. series. Secondly, γ0 decreases from 1.40 to 0.54 for

Australia, depicting a downward trend in volatility after the break occurs. This is in

contrary to the theoretical prediction about volatility which is expected to increase

if legislation assumingly improves competition.

For the U.K., I first focus on the first break of the inflation rate and the GDP defla-

tor inflation rate as they are close to the enactment of the Fair Trading Act 1973.

For the inflation rate, the pre- and post-break volatility coefficient is 57.82 and 22.85

respectively, depicting a less volatile post-break inflation. On the other hand, the

pre- and post-break volatility coefficient for GDP deflator inflation rate is 14.91 and

48.87 thus suggesting a more volatile inflation. The estimates for the two inflation

rates therefore yield conflicting information about the volatility of inflation in the

early 1970s. The discrepancy can be due to the slight difference in timing of the

breaks. The break for the inflation rate is in September 1972 while the break for

the GDP deflator inflation rate is in Quarter 3, 1971 – the breaks are one year apart

from each other. During this time, there might be changes in macroeconomic factors

which raise the volatility of inflation thus explaining the discrepancy. The increase

in volatility of the GDP deflator inflation rate supports the theoretical prediction of

the competition effect on inflation volatility. However, the structural break is two

years in lead of the legislation enactment. Since legislation is expected to have a

lagged effect on the economy, the timing of the break proves that the increase in

volatility may not be the result of the competition legislation.

Compared to the breaks in the early 1970s, the results on the breaks which are

close to the year 1980 are more straight-forward. One remark is the estimate of γ2

for the inflation rate is insignificant at 5% significance level, thus removed from this

discussion. For all breaks around 1980, the post-break volatility decreases for all
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Table 7.5: Volatility Coefficient

Parameter Inflation Core Inflation GDP deflator Consumption
deflator

Australia γ0 — — 1.38 7.67
— — (0.21) (0.93)

γ1 — — −0.85 −4.92
— — (0.25) (1.13)

U.K. γ0 57.81 80.91 14.90 —
(8.50) (10.72) (4.46) —

γ1 −34.96 −66.51 33.96 —
(14.49) (12.28) (7.21) —

γ2 −14.88† — −42.00 —
(14.33) — (6.30) —

U.S. γ0 14.93 5.54 6.73 —
(2.03) (0.70) (0.87) —

γ1 −9.07 4.35 −5.68 —
(2.24) (1.18) (0.94) —

γ2 8.97 −8.63 — —
(2.26) (1.07) — —

Model Specification - Inflation Volatility with Structural Break

u2t = γ0 +Du,tγ1 + εt

where γj denotes the volatility coefficient in different regimes

Note: Standard errors are reported in brackets. Estimate(s) indexed with † sign is

insignificant at 5% signficance level.

inflation measures. For the core inflation rate, volatility falls from 80.91 to 14.40.

Similarly, the GDP deflator inflation rate’s volatility decreases from 48.87 to 6.87.

Even though the breaks match the legislation date well, the decline in volatility

presents a contrary to the theoretical prediction. As a consequence, competition is

not the underlying cause of the breaks in volatility.

Interestingly, if one were to attribute the reduction in inflation volatility to changes

in monetary policy behaviour, the results found here prove otherwise. Firstly, the

breaks for Australia and the U.K. do not coincide with the inflation targeting adop-

tion date. Secondly, the only break which is close to the start of the Volcker dis-

inflation period is the second break of the U.S. core inflation rate in January 1983.

Inflation is less volatile after this break as the volatility coefficient falls from 9.90

to 0.26. This reduction in volatility is in line with what we expect about monetary

policy where large fluctuations in inflation are dampened. Yet the fact that none

of the other breaks are near this period suggests that the result is not particularly
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supportive of the link between monetary policy and inflation volatility.

Throughout the discussion, both competition and monetary policy do not show sig-

nificant impact on inflation dynamics. One other potential candidate in explaining

changes in inflation persistence and volatility is the global influence. This is because

majority of the breaks for all three countries have a common timing being in the

early 1970s and 1980s. In addition, both inflation persistence and volatility exhibit

the same hump-shaped pattern. That is, inflation persistence and volatility were

low prior to 1970s, then increased during 1970s and finally decreased substantially

in recent years. This pattern is consistently observed across a range of countries –

including both core and periphery countries (Bordo and Filardo, 2005).

As shown in Borio and Filardo (2007), global factors play an influential role in

determining inflation dynamics. By augmenting the traditional Phillip curve with a

weighted average of international output gap as a measure of global economic slacks,

global factors are found to gain relative importance over their domestic counterparts

for the sample 1985-2005. The authors associate this increasing global influence to

the acceleration of globalisation through trade channels especially via imports. Con-

sequently, the presence of a growing global integration allows for the common timing

of the break in the period post-1980s.

For the breaks in early 1970s, their cause can be attributed the oil price shock or

the collapse of the Bretton Woods in 1971. In Blanchard and Gali (2007), inflation

increases sharply following an oil price shock and the effect remains large over a pro-

longed period. Similarly, Bernanke, Gertler and Watson (1997) found that although

the response of inflation to the oil price shock is substantial in the 1970s, a large

proportion of this response is due to the absence of an effective monetary policy.

The international phenomenon of high inflation in 1970s is also in part attributed

to collapse of the Bretton Woods system (Bordo, 1993). Despite the aforementioned

findings, Cecchetti, Hooper, Kasman, Schoenholtz and Watson (2007, p.11) note

that the global impact has been exaggerated where a survey of a number of studies

show that the global impact on inflation is quite limited. Considering all evidence,

the underlying cause to changes in inflation dynamics can be a combination of both

domestic and global factors.

In general, it is fairly reasonable to say that inflation has become less persistent

and less volatile in recent years. Nevertheless, weighting all evidence, competition

legislation policy does not seem to be the underlying cause of the improvements in

inflation dynamics. In the next section, I will further separate inflation volatility
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into its components in an effort to investigate the competition effect on inflation

volatility.

7.4 Inflation Variance and Its Components

To this point of the discussion, inflation volatility has found to be decreasing in

the recent years. This is in contrary with the theory which predicts a more volatile

inflation when competition increases. Yet, so far the discussion has been based on

total variance of inflation rather than the variance of its components. As in Stock

and Watson (2007), inflation variance comprises of its permanent and transitory

components. By separating inflation variance into its components, valuable insights

can be drawn as the effect of competition could have been captured in the short-term

movements of inflation variance.

From Stock and Watson (2007), the permanent component is associated with trend

inflation and its variance evolves as a random walk over time depicting stochastic

volatility. While I employ the model with stochastic volatility here, there is exten-

sive literature documenting discrete changes in volatility. Piger and Rasche (2008)

and Morley, Piger and Rasche (2011) allow for structural breaks in volatility as

discrete changes with break dates specified in Piger and Rasche (2008) while as-

sumed unknown and estimated in Morley, Piger and Rasche (2011). In addition,

Kang, Kim and Morley (2009) and Manopimoke (2010) incorporate discrete changes

in volatility through Markov switching parameters. As it will be shown later, all

approaches obtain similar insights about the variance of the permanent component

which follows a hump-shaped pattern.

Since the permanent component is closely related to the slow-moving part of in-

flation, it is influenced by the persistence of inflation. Given that persistence has

decreased in recent years, the variance of the permanent component is also expected

to decrease. In this sense, the overall decline in inflation variance can be attributed

to the behaviour of the permanent component. However, the purpose of this exercise

is to observe the effect of competition in the variance of the transitory component

which is expected to reflect the more frequent price adjustment in a higher compet-

itive environment.

Figure 4 to 6 plot the standard deviations of the permanent and transitory compo-

nents for each of the country’s inflation measure. For Australia, except for the GDP

deflator, the standard deviation of the permanent component exhibits a declining

trend throughout the sample period. This decline in volatility implies that trend in-
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flation has become more stable and more likely to remain in this position (Cecchetti

et al., 2007, p.17). For the transitory component, while its standard deviation seems

to increase for the inflation and core inflation rate, it remains considerably constant

for the GDP deflator and even decreases for the Private Consumption deflator. As

we expect to observe a rise in volatility in a higher competitive environment, this

result contradicts the theory and does not indicate that competition has an impact

on inflation volatility.

For the U.K., as depicted in Figure 5, the standard deviation of the permanent

component decreases consistently across the four inflation measures. For the tran-

sitory component, its standard deviation generally decreases for all the inflation

measures except for the GDP deflator inflation rate. For this inflation measure, the

increase in standard deviation occurs only after 1990. However, the break detected

for this series is in Quarter 4, 1979. In addition, the confidence set presented earlier

shows that this break only covers a short period from 1979 to 1980. Therefore, it

could not have caused the increase in volatility in 1990. As a consequent, the effect

of competition is not as prominent as previously hypothesised.

Lastly, for the U.S., the standard deviations of both permanent and transitory com-

ponents decrease in recent periods, suggesting that there is insufficient evidence

supporting the link between competition and inflation volatility. Yet it is important

to note that as competition is expected to influence the level of inflation, it should

also drive trend inflation not just cyclical movements. This implies that the effect of

competition could have been captured in the variance of the permanent component,

not just the transitory component. Therefore, not only is the link between com-

petition and the components of inflation variance complicated, distinguishing the

competition effect from other factors in the variance of the permanent component

requires deeper analysis.

A final remark is the hump-shaped pattern displayed in the permanent compo-

nent which is low in 1960s, high in 1970s and early 1980s, and low in recent years.

Apart from the level of inflation itself, it also mimics the movements of inflation per-

sistence and total volatility. This pattern is consistently observed in other studies

despite the different approaches in modeling volatility that is to have discrete change

(Piger and Rasche, 2008, Kang et al., 2009; Manopimoke, 2010 and Morley et al.,

2011) or stochastic volatility (Cecchetti et al., 2007, and Stock and Watson, 2007).

Cecchetti et al. (2007) also find trend inflation to follow the same pattern. More-

over, the changes in inflation dynamics are similar across various countries despite

their different domestic characteristics and monetary policies. As this international
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phenomenon cannot be attributed to global influence alone (Cecchetti et al., 2007,

p.11), a potential extension to this thesis is to examine other factors which lead to

this common dynamics of inflation.

Lastly, although not studied here, an alternative approach in investigating the ef-

fect of competition is to divide inflation variance into its low-, medium- and high-

frequency components as do Cogley and Sargent (2002). Each frequency is defined

as the number of quarters per cycle. The low-frequency variance is therefore associ-

ated with the long-run variance of inflation since it lasts for more than 5 years per

cycle. By contrast, the high-frequency variance is the short-run variance of infla-

tion, lasting for only 4 quarters per cycle. With this definition, the low-frequency

variance is interpreted as a measure of inflation persistence (Cogley and Sargent,

2002, p.352). However, for the purpose of examining the impact of competition

on inflation volatility, the high-frequency variance is the relevant measure. This is

because firms change prices more frequently facing increased competition. There-

fore, the frequent price adjustment is reflected in short-run price movements and

high-frequency variance of inflation (i.e. short-run volatility of inflation).

This argument is reinforced by the finding of Smets and Wouters (2007). Through

the variance decomposition of inflation, the markup shock is found to be the main

driver of inflation volatility. Nevertheless, its effect is most prominent in the short-

run horizon and gradually fades away in the long-run horizon (Smets and Wouters,

2007, p.599). Since I use the markup shock as an indirect proxy for competition, how

the price markup contributes to volatility of inflation at different horizons should

reflect the effect of competition on volatility at different frequencies. Given that

the high-frequency variance is the short-run inflation volatility, it should capture

the dominant effect of the price markup and the more frequent price adjustments

prompted by increased competition. In the long-run horizon, since the price markup

shock is less important, the low-frequency variance should not be affected by the fre-

quent price adjustment even when competition is high. The low-frequency variance

or the long-run inflation volatility is instead determined by inflation persistence. In

summary, separating total variance of inflation into its frequencies allows the effect

of competition to be observed in the high frequency and therefore serves as an in-

teresting extension to the thesis.
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8 Conclusion

8.1 Discussion of Results

This thesis investigates the effect of competition on inflation persistence. The key

contribution of this thesis is the integration of the theoretical model of Khan (2005)

and the empirical finding of Smets and Wouters (2007). The combined theoretical

framework predicts that in a high competitive environment, inflation is less persis-

tent yet more volatile. In the empirical method, I consider the presence of possible

structural breaks at unknown dates which are matched against the enactment dates

of major competition legislation.

The analysis is applied onto Australia, the United Kingdom and the United States

over the period 1947-2014, using four measures of inflation. Using primarily the

supF(l+1|l) statistics as developed by Bai and Perron (1998, 2003), the results from

this superior technique show that the structural breaks in persistence occur mainly

in late 1960s and early 1980s for the U.K. and the U.S. whereas breaks are found in

1991 for Australia. For volatility, the structural breaks are in early 1970s and 1980s

for all three countries. Based on the estimated break dates, the evidence support-

ing the link between competition and inflation dynamics is weak. This is because

the structural breaks do not align well with the competition legislation dates, espe-

cially for inflation persistence. However, interestingly, the structural breaks do not

coincide with the dates corresponding to shifts in monetary regimes either. While

a large literature attributes changes in inflation dynamics to monetary policy, the

result presented here proves otherwise.

The next set of result includes the ILR confidence set constructed for each iden-

tified break date. The confidence sets demonstrate that the breaks in persistence

are quite gradual for the U.K. and the U.S., evident in their long length with a

minimum of 11 years. By contrast, the breaks in volatility are more abrupt, lasting

up to a maximum of 4 years on average. Given the break dates, I then estimate

inflation persistence and volatility which exhibit a hump-shaped pattern across the

three countries. This means that they are low in the late 1960s, high during the

1970s and low in recent years. Since inflation is more stable in recent periods, it con-

tradicts the theory where inflation is predicted to be more volatile when competition

increases. It leads to the conclusion that there is no sufficient evidence supporting

the link between competition and inflation dynamics. The conclusion remains un-

changed even when the variance of inflation is separated into its components with
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the expectation that the short-run price adjustments are captured in the transitory

component. A final remark is that inflation dynamics could have been influenced

by global factors since not only the structural breaks have a common timing, the

hump-shaped pattern is consistently shared across the three countries.

8.2 Concluding Remarks

The aforementioned conclusion indicates that the approach adopted here can be

further developed. In particular, the model does not provide a structural analysis of

the relationship between competition and inflation dynamics. A deeper understand-

ing of the channels through which competition can affect price levels and inflation

will be useful in establishing the causal relationship and further strengthens the re-

sult. As an example, a more informative extension to the theoretical model of Khan

(2005) is to include a competition variable which relates to the markup shock. Data

relating to competition such as the Herfindahl-Hirschman Index (HHI) can then be

employed to improve the analysis. The advantage of this approach is that the model

captures the structural connection between inflation, the markup and competition.

The analysis conducted in this thesis is also limited to the choice of legislation

dates which can be extended to include free trade agreements. This suggests that

there might be a potential link between global trade and domestic inflation dynam-

ics. Finally, as discussed previously in the last set of result, inflation variance can

be separated into the low- and high-frequency component in order to observe the

effect of competition at different frequencies.
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A Appendix

Proof A1 - equation (6): The combination of φθ and φε is represented in ϑ

πt = aθ̂t + bε̂t

θ̂t = φθθ̂t−1 + ηθ,t

ε̂t = φεε̂t−1 + ηε,t

Solving the three equations together yields

πt = a (1− φθL)−1 ηθ,t + b (1− φεL)−1 ηε,t

(1− φθL) (1− φεL) πt = a (1− φεL) ηθ,t + b (1− φθL) ηε,t(
1− φεL− φθL+ φθφεL

2
)
πt = a (1− φεL) ηθ,t + b (1− φθL) ηε,t

Let δ1 and δ2 denote (φε + φθ) and −φθφε respectively

(
1− δ1L− δ2L2

)
πt = a (1− φεL) ηθ,t + b (1− φθL) ηε,t(

1− δ1L− δ2L2
)
πt = aηθ,t − aφεηθ,t−1 + bηε,t − bφθηε,t−1

Let ut = aηθ,t + bηε,t, then ut−1 = aηθ,t−1 + bηε,t−1

Let ϑ be the coefficient of ut−1

ϑut−1 = ϑ (−aφεηθ,t−1 − bφθηε,t−1)

= −ϑaφεηθ,t−1 − ϑbφθηε,t−1

From the definition of ut−1 , this implies

a = −ϑaφε

b = −ϑbφθ

Therefore, it must be true that ϑ both satisfies

ϑ = − 1

φε

ϑ = − 1

φθ
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Proof A2 - equation (8): Inflation is an AR(∞) process

In Section 3.1, assuming ϑ is invertible, i.e. |ϑ|<1, then inflation can be described

as (
1− δ1L− δ2L2

)
(1− ϑL)−1πt = ut (27)

Since
∞∑
i=0

(ϑL)i = 1 + ϑL+ (ϑL)2 + ... (28)

we can write

ϑL

∞∑
i=0

(ϑL)i = ϑL+ (ϑL)2 + (ϑL)3 + ... (29)

Substracting equation (29) from equation (28)

∞∑
i=0

(ϑL)i − ϑL
∞∑
i=0

(ϑL)i = 1

(1− ϑL)
∞∑
i=0

(ϑL)i = 1

We therefore obtain

(1− ϑL) =
1∑∞

i=0(ϑL)i
(30)

Substitute equation (30) in equation (27)

(
1− δ1L− δ2L2

)( ∞∑
i=0

(ϑL)i

)
πt = ut (31)

By expanding the two bracketed terms on the left hand side of equation (31)(
∞∑
i=0

φiL
i

)
πt = ut (32)

where φi contains δ1, δ2 and ϑi. Equation (32) therefore implies inflation is an

AR(∞) process.
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B Appendix

Table B.1: Data Length

Australia U.K. U.S.

Inflation 1982Q2 - 2014Q1 1955M02 - 2013M12 1947M02 - 2014M05
Core Inflation 1982Q2 - 2014Q1 1970M02 - 2013M12 1957M02 - 2014M05
GDP deflator 1959Q4 - 2014Q1 1955Q2 - 2013Q4 1947Q2 - 2014Q1

Consumption deflator 1960Q2 - 2014Q1 1956Q2 - 2012Q1 1947Q2 - 2014Q1

Table B.2: Lag Length

Australia U.K. U.S.

Inflation 8 12 14
Core Inflation 12 11 10
GDP deflator 8 11 9

Consumption deflator 8 8 9

Table B.3: Mean and Persistence Break Dates with QLR statistic

Inflation Core Inflation GDP deflator Consumption deflator

Australia 1991Q1 1991Q1 1975Q1 —
U.K. 1980M05 — 1968Q1 —
U.S. 1967M04 — 1959Q3 1981Q2

Table B.4: Volatility Break Dates with QLR statistic

Inflation Core Inflation GDP deflator Consumption deflator

Australia 2001Q2 1990Q4 1967Q1 2000Q2
U.K. 1970M06 1979M06 1979Q2 1979Q2
U.S. 1973M07 1980M06 1974Q2 1973Q3
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