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Abstract 

This thesis investigates the effects of monetary policy on asset prices.  In Chapters 2 

and 3 a model is developed and evaluated, which can be used to examine the effects of a 

policymaker reacting to an asset price bubble.  The model supports the idea that a 

policymaker reacting to asset prices, going beyond what would be required by policy 

consistent with the Taylor Rule, can achieve better economic outcomes than the 

policymaker who does not react to asset prices.  These outcomes are in terms of the 

level and volatility of the bubble, output and inflation. 

In Chapter 4 propensity score matching is implemented to estimate the effects of 

inflation targeting on the growth and volatility of both house prices and stock prices.  

This thesis finds that there is a significant effect of IT on house price growth but not 

volatility and a significant effect of IT on stock price volatility and in some cases stock 

price growth. 
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Chapter 1:  Introduction to Thesis 

Opinion in regards to how monetary policy should respond to asset prices can be split into 

two groups.  The first suggests that monetary policy should react to asset price imbalances 

only insofar as they would impact on inflation in the long run.  The other is that a central 

bank should react to these imbalances as they begin to build up, going beyond what would 

be called for in response to current forecasts of inflation and growth, thus avoiding the 

situation of bubbles forming and collapsing as those imbalances are abruptly redressed.  

Furthermore, there is still significant discussion over how a central bank should react to 

asset prices even if it is decided that it should react. 

This thesis investigates the effects of monetary policy on asset prices. My 

contribution to the literature is twofold:  we start by building a model which accounts for 

the interactions between an asset price bubble and policymakers who will either react or not 

react to the presence of the bubble.  The model is then evaluated and augmented to include 

a stochastic environment.  The model is based on the work of Gruen, Plumb and Stone 

(2005) but includes many changes to their framework.  The results of model simulations 

support the idea that a central bank should react to asset prices, since by reacting to asset 

prices a policymaker can attenuate the effects of the bubble on the economy.  Furthermore, 

this thesis estimates the average treatment effect, (ATT), of inflation targeting, using 

propensity score matching - initially following the approach of Frappa and Mésonnier 

(2010) by estimating the effect of inflation targeting on real house price growth but later 

expanding on their work to include house price volatility, stock price volatility and stock 

price growth.  The results obtained suggest that inflation targeting is associated with a 
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significant increase in house price growth, stock price volatility and in some cases stock 

price growth. 

In Chapter 2 a theoretical model of an economy which includes an asset price 

bubble and a policymaker responsible for setting interest rates is developed.  The effects of 

two types of policymaker are then investigated:  One policymaker believes that monetary 

policy should respond to the presence of an asset price bubble (the Activist), whilst the 

other does not (the Sceptic).   The asset market in the model can be thought of as being 

analogous to the housing market.  The model is based upon Gruen, et al. who adopted a 

similar approach.  In their simulations the reaction of the Activist policymaker is dependent 

on the stochastic properties of the bubble and therefore different specifications determining 

the dynamics of the bubble result in different policy responses.  In some cases not reacting 

to the bubble may be preferable and in others the Activist can outperform the Sceptic.  

Gruen et al. conclude that the most appropriate strategy for dealing with an asset price 

bubble depends on the stochastic properties of that particular bubble.  Overall, it is not clear 

that an Activist policy would be appropriate in all situations.  One of the problems with the 

model of Gruen et al. is that the information requirements are unrealistically high, which is 

to say that the reacting policymaker knows the exact stochastic properties of the bubble.  

The model developed in this thesis considers an Activist policymaker who is willing to 

react and has less information about the bubble’s properties than in the Gruen et al. model.  

The key aspect of my model is that the bubble behaviour is based upon a feedback 

loop, characterising the speculative beliefs of investors, their expectation of future 

monetary policy and the interaction between the policymakers’ interest rate decisions and 

the endogenous dynamics of the bubble.  An issue that is often held up in opposition to 
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responding to asset price bubbles is that the policymaker must first identify when an asset 

price bubble is occurring.  I abstract from this problem in Chapter 2 by allowing the activist 

policymaker to assume correctly that a bubble is forming.    In Chapter 3 the model is 

developed further and simulations are conducted that are stochastic rather than 

deterministic as in the previous chapter.  Simulations are conducted over longer horizons 

and with the economy experiencing many different stochastic bubbles.  By subjecting the 

model to stochastic simulations, it is shown that identification of the bubble is not a 

prerequisite and the policymaker need not know about the particular stochastic properties of 

the bubble.  The activist policymaker’s actions can prevent bubbles forming in the first 

place, and can respond to them when they do form.  This approach is different from that of 

Gruen et al. since the Activist policymaker can influence the development of the bubble 

through many different channels and the bubble itself follows a stochastic process, 

unknown to both policymakers.    

Another important issue in this area is the emergence of inflation targeting as the 

main monetary policy framework in developed countries.  Since its inception in 1990, 

inflation targeting has been adopted by an increasing number of central banks.  The primary 

focus is on price stability - reacting to asset prices only insofar as they may impact on 

inflation in the long run, at the cost of ignoring imbalances in the short run.  One of the 

primary channels through which inflation targeting can achieve success is by anchoring 

agents’ expectations within the economy.  If the central bank is committed to inflation 

targeting and that commitment is credible then expectations of future inflation are low.  

Since agents, in the form of investors and their expectations, play a crucial role in the 

functioning of asset markets, the changes in expectations as a result of changes in the 
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monetary policy regime are likely to be just as important as the actions taken by the 

monetary policymakers.  In that case, the aims and credibility of monetary policymakers 

will influence expectations in such a way as to form an observable difference in the 

behaviour of asset prices under different policy regimes.  

In Chapter 4 this thesis investigates the effect of inflation targeting on asset prices, 

using propensity score matching to determine the average treatment effect of inflation 

targeting on selected outcome variables. The outcome variables investigated are real house 

price volatility and growth and stock price volatility and growth.  Propensity score 

matching is a suitable technique in this context since it can address the self-selection bias 

inherent in the adoption of inflation targeting, which is not randomly assigned.  It also 

addresses the issue of unobserved counterfactuals which arises since we can only observe 

the outcome of the decision to adopt or not adopt inflation targeting.   In each case I 

construct a panel of countries and consider alternative matching estimators and alternative 

definitions of inflation targeting.  The results support the idea that inflation targeting has a 

significant effect on asset prices.   

Frappa and Mésonnier (2010) explore this issue using a similar methodology and 

report that inflation targeting has a positive effect on real house price growth.  This thesis 

extends their study by estimating the effect of inflation targeting on real house price 

volatility.  The work presented here attempts to overcome an issue in their paper - that their 

variable for mortgage market sophistication was time invariant – by estimating a model that 

includes variables for a country’s financial development that do vary over time, as a proxy 

for mortgage market sophistication.  The results obtained are similar to those of Frappa and 

Mésonnier which support the idea that inflation targeting is associated with an increase in 
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real house price growth but with no effect on house price volatility.  This thesis goes 

beyond their work by investigating the effects of inflation targeting on stock prices by 

constructing a dataset of 44 countries and using propensity score matching to estimate the 

ATT of inflation targeting on both stock price volatility and stock price growth.  The results 

obtained support the idea that inflation targeting is associated with a significant effect on 

stock price volatility and in some cases stock price growth. 
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Chapter 2: Building a model of Asset Prices and Monetary Policy    

2.1 Introduction 

The recent financial crisis, fuelled by the collapse of a housing bubble, had a significant 

negative impact on the global economy and financial system.  Although there have been 

significant bubble collapses in recent memory, such as the dot com collapse of the late 

1990s, the recent crisis served to remind us that the collapse of bubbles can have a 

devastating effect on economies.  The crisis also sparked a return to the debate about how, 

or even if, central banks should respond to asset price bubbles.  It is therefore of great 

interest to macroeconomists to investigate not only the causes of such bubbles but the 

optimal monetary policy response to them. 

Taylor (2007) investigates the effects of monetary policy in the U.S. in the build up 

to the crisis by examining the effect of the federal funds rate on the housing market using a 

counterfactual scenario for the period 2002-2006.  In one scenario the federal funds rate is 

given by the actual historical rate and in another the rate is calculated as if the monetary 

authority was following a Taylor rule.  When comparing the two it can be seen that the 

actual federal funds rate during this period was less than what was predicted by a Taylor 

rule.  Taylor uses a basic model of housing starts and suggests that a higher federal funds 

rate would have avoided much of the housing boom.  Taylor argues that monetary policy 

should still only react to inflation and output and we should be wary of reacting to other 

factors.  The idea behind this is that the central bank should be able to convince the public 

that there is no ‘put’ in which the central bank will bail out large scale investors should 

their risky investments turn out to be loss making, thus avoiding a moral hazard.  Knowing 
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that the central bank will not react should influence investors’ attitudes towards risk and 

will likely reduce the formation of asset price bubbles.  

In a similar study Bernanke (2010) seeks to answer the question of whether or not 

U.S. monetary policy in the build up to the crisis was too loose, thereby exacerbating the 

build-up of a bubble in the U.S. housing market.  When comparing U.S. monetary policy 

with a standard Taylor rule it appears that policy was indeed too accommodative in the 

years preceding the crisis - particularly in the years 2002 to 2006.  However, Bernanke 

argues that when considering alternative measures of inflation and by using forecast data 

that was available at the time of the Federal Open Market Committee decisions (the 

‘Greenbook’ forecasts) it becomes more difficult to determine if monetary policy was 

indeed too loose.  The actual policy rate is closer to that suggested by the Taylor rule when 

analysing policy decisions using Bernanke’s methods. 

Bernanke also argues that the increases in house prices in the U.S. were so large that 

monetary policy alone could not fully account for this effect.  Instead, Bernanke suggests 

that the availability of alternative ‘exotic’ mortgage products and a “protracted 

deterioration in mortgage underwriting standards” were a more likely cause of rapid growth 

in the housing market.  Bernanke recognises that at some point both mortgage lenders and 

borrowers believed that house prices would only go up, thereby constituting a bubble in the 

housing market.  Due to these effects Bernanke concludes that regulatory and supervisory 

policies would have been more effective in constraining the housing bubble rather than a 

contractionary monetary policy.  Nevertheless Bernanke acknowledges that although the 

best response to the housing bubble may have been regulatory, we must remain open to 

using monetary policy as a supplementary tool in the future. 
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Of particular importance in the literature surrounding whether a central bank should react to 

asset price bubbles is the paper by Bernanke and Gertler (1999). They recognise that large 

bubbles can expose the economy to the risk of a sharp downturn in output, should the 

bubble collapse. This would be heightened in the absence of an appropriate monetary 

policy strategy.  They explore how monetary policy should respond to asset prices by 

incorporating non-fundamental movements of asset prices into a standard dynamic new-

Keynesian model.  The model includes 3 sectors:  households that save and consume, a 

government which is responsible for both fiscal and monetary policy, and a business sector, 

which invests, produces goods and services and hires labour.  The key part of their model is 

the financial accelerator effect.   In their model, a fall in interest rates leads asset prices to 

rise, which reduces the cost of external borrowing and further increases investment.  This 

leads to a departure of asset prices from their fundamental values, which in turn causes 

further growth in the bubble.   

The conclusion they present is quite clear.  They state that a policy of flexible inflation 

targeting provides an effective framework in which to stabilise macroeconomic and 

financial activity.  Furthermore, there is no need to expand this framework to incorporate 

movements of asset prices (fundamental or otherwise), so long as the policy takes account 

of the implications of these movements for changes in inflationary expectations, aggregate 

demand and the output gap.   

The original work by Bernanke and Gertler suggests that an aggressive inflation 

targeting policy has a stabilizing effect on both output and inflation.   However, when the 

same aggressive inflation targeting policy also responds to stock prices there is little change 
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to the results.  Bernanke and Gertler (1999, p28) conclude that “whether policy also 

responds independently to stock prices is not of great consequence”. 

However, later work by Cecchetti, Genberg, Lipsky and Wadhwani (2000), using 

Bernanke and Gertler’s framework, suggests that there may indeed be a role for policy to 

react to asset price bubbles in stock prices.  They consider the effects of a policymaker who 

does not react to the exchange rate and one who ‘leans against the wind’ of exchange rate 

changes.  ‘Leaning against the wind’ is described as setting the policy interest rate to a 

value different than what it would be if one were only looking at the deviation of the 

inflation forecast from the target.  Cecchetti et al. state that there is a prima facie case for 

central banks to include asset price developments directly in their policy formulation 

process.  They question the robustness of Bernanke and Gertler’s results with regard to 

certain assumptions in the model.  These include eliminating the ‘perverse’ effect where 

output falls in response to stock price rises, when accommodative policy is implemented.  

They also consider the implications of interest rate smoothing and agents’ relative weights 

on past and future inflation.  Furthermore, they argue that by introducing an objective 

function which seeks to minimise the weighted sum of output and inflation deviations 

across time, they can determine whether policy rules are optimal. 

Their conclusions are quite different from Bernanke and Gertler.  They state that, 

with the modifications to Bernanke and Gertler’s original model, “you have to work very 

hard to find a case in which policy should not react to asset prices in the presence of a 

bubble” (p40). 

Bernanke and Gertler (2001), when responding to the developments made by 

Cecchetti et al. raise concerns about the introduction of the above mentioned optimized 
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policy rule.  Originally in Bernanke and Gertler (1999) the behaviour of the bubble is such 

that it is forced to burst after 5 periods.  Moreover, policy is conducted throughout the 

lifetime of the bubble with the policymaker aware of the probability of the bubble’s 

collapse but not when it will collapse.  However, Cecchetti et al. determine their optimal 

policy in the case of a single scenario where the bubble survives for exactly 5 periods.  

Therefore, according to Bernanke and Gertler, their policy rules would only be truly 

optimal should the policymaker know the exact period in which it will burst and that the 

bubble is driven by non-fundamentals.  Bernanke and Gertler state that these are both 

highly unlikely conditions and argue that if policy performance is averaged across all 

conceivable outcomes of the bubble process then there would be no advantage in 

responding to stock prices. 

One of the biggest challenges for central banks, even if they wanted to intervene 

and take action on asset price bubbles, is to know how to identify them in the first place.   It 

is difficult to tell when and for how long they will occur, and like winning streaks, they are 

often only truly recognised after the fact.    Part of the problem of determining when a 

bubble is forming is that it is normal for asset prices to fluctuate.  When we observe asset 

price movements it can be difficult to determine whether large increases are due to changes 

in the fundamental components of the asset price or to other forces, such that an increase 

will constitute a bubble. This makes it especially difficult to identify whether or not a 

bubble has formed.   

Bernanke (2002) highlights this difficulty by saying that it would require the central 

bank to estimate the ‘unobservable fundamentals’ better than the actual market participants.  

Whilst it may be difficult to detect these fundamentals and the asset price’s subtle 
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deviations from them, in the case of larger bubbles identification is less of a problem.  

Cecchetti, Genberg and Wadhwani (2002) argue that central bankers should be able to 

detect large misalignments, giving examples such as the Nikkei index in 1989 or the 

NASDAQ index in early 2000. 

Wadhwani (2008) suggests that the difficulty inherent in identifying asset price 

bubbles is not a problem unique to central bankers reacting to asset prices.  He argues that 

the presence of a bubble can make inflation forecasting difficult. Wadhwani therefore goes 

on to suggest that the informational requirements in using a monetary policy rule that 

requires an aggregate demand forecast are not dissimilar to those when employing a 

‘leaning against the wind’ policy.   

Although there is certainly no consensus over just how difficult it is to identify 

bubbles it is universally agreed that it is not an easy task.  In 2005 an ECB monthly bulletin 

article describes a simple method of evaluating house prices in terms of the house price to 

future rental value.  The intuition being that when this ratio is higher than its historical 

average, then this may be a sign of overvaluation of house prices.  These ratios are then 

calculated and plotted using data from the Japanese housing market, from the 1970s 

onward.  Even though such a relatively simple method of evaluation is used, it can still be 

seen that the Japanese housing market bubbles of the late 1980s and early 1990s coincide 

with high price to rental ratios.  The article also discusses a similar approach of evaluating 

stocks in terms of their price to earnings ratio.  A high ratio may suggest overvaluation of 

the stocks and that a bubble may be forming.  They suggest that the rise in stock prices 

between 1998 and 2000 – often called the dot com bubble and characterized by high price 

to earnings ratios - reflected “continuing upward revisions to long term earnings growth 
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expectations” (p50).  The article suggests that when the beliefs of investors driving these 

high valuations turned out to be incorrect, the asset prices fell significantly.  These methods 

then, although simple and imprecise seem to give some indication of when a bubble may 

have formed.  

The assumption from the above ECB bulletin is that fundamental variables such as 

income are thought to be linked to a stable long run relationship with house prices.  In that 

case, significant deviation from the fundamentals constitutes a bubble as it is a departure 

from the long run equilibrium.  This idea is explored in Gallin (2003), as Gallin argues that 

there is little evidence to support the idea of cointegration of house prices and fundamental 

variables at the U.S. national level.  Whilst he does not dispute that fundamentals affect 

house prices, he suggests that the level of house prices does not appear to be tied to the 

level of fundamentals.    

There is however another problem.  Posen (2006) suggests that the central banks’ 

ability to recognise bubbles is in fact a moot point.  The real difficulty is in convincing the 

average investor and the public that these movements are unsustainable.  This task might 

prove to be a significant problem even if all the identification problems were to be 

overcome. 

The approach of this paper, however, is not to solve the identification problem. This 

paper builds upon similar work by Gruen, Plumb and Stone (2005) (from here on GPS) but 

differs by including an endogenous, speculative bubble, where speculators create a 

feedback loop based on beliefs about past asset prices. The aim is to determine what the 

optimal policy response is, taking account of speculators’ assumptions about the central 

bank’s policies.  This speculative and herding behaviour may provide a channel through 
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which monetary policy can affect the bubble.  There is a growing literature investigating 

whether bubbles can be caused by this sort of feedback effect.   

For example, Shiller (2001) explores these ideas with reference to the aspects of 

investor psychology that can lead to ‘irrational’ investor behaviour and ultimately the 

formation of asset price bubbles.  He describes the feedback effects of speculative bubbles 

as “high demand for the asset, generated by the public memory of high past returns” (2001, 

p3).  These effects drive the asset price to levels it would not reach if this increased investor 

enthusiasm were not present.  Likewise though, as these price increases level off and end, a 

“downward feedback can replace the upward feedback” (2001, p3).   

Hong and Stein (1999) have developed a model which incorporates such 

mechanisms.  They include both feedback traders and ‘news watchers’.  The feedback 

traders base their trading decisions solely on past price changes.  The model assumes that 

new information diffuses slowly across the population of agents and so the feedback traders 

cause asset prices to overshoot their fundamental value.  DeLong, Schleifer, Summers and 

Walfmann (1990) explore the effects of feedback traders, but differ in that they additionally 

include rational speculators in their model.  Contrary to the popular belief that the presence 

of rational investors should stabilize prices and offset the effects of bubbles, the results of 

DeLong et al. suggest that rational investors will actually trade with the mispricing and 

inflate the bubble.   

Mishkin (2008) repeats the idea of the feedback loop when talking about credit 

fuelled bubbles.  As credit standards are eased, lenders rely more and more on the 

appreciation of the asset to shield them from losses.  This easing of credit in turn pushes up 

the value of the asset, creating a credit and expectations driven feedback loop.  It is these 
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types of feedback mechanisms which are the motivation for expanding here on the original 

framework of Gruen et al.  The idea of including speculators’ expectations regarding the 

future behaviour of both the asset and the policy interest rate is that the asset bubbles 

simulated might better resemble those witnessed in financial markets. 

There is also a role for the central bank to play in influencing investor expectations.  

As mentioned previously, feedback loops can be formed which lead to rapid appreciation of 

asset prices and herding behaviour. There is evidence to suggest that this behaviour can be 

influenced by active policy and through signalling channels. A recent ECB article (2010) 

highlights work by Loisel, Pommeret, and Portier (2009) that suggests increasing policy 

interest rates can reduce this kind of herding behaviour and encourage speculators to focus 

more on their own information set with regards to investment decisions. 

Wadhwani (2008) argues that if agents were aware that central banks would ‘lean 

against the wind’, should a bubble arise, then this would most likely reduce the possibility 

of a bubble developing and its prospective size.  Work by Kent and Lowe (1997) and Allen 

and Gale (2000) suggests that a policy stance of responding to asset prices may decrease 

the probability of an asset bubble growing. 

Conversely, Gali (2014) examines the effect of increasing interest rates in response 

to growing asset price bubbles and suggests that such a response can actually increase 

fluctuations in the bubble.  As such Gali’s findings diverge from the consensus about the 

effects of a ‘leaning against the wind’ policy.  Gali suggests that the basis for this behaviour 

is that the bubble component of asset price rises does not require discounting but its 

equilibrium requirement is that it its size must “grow at the rate of interest, at least in 

expectation.”  As such an increase in the real rate of interest will increase the size of the 
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bubble component.  Gali does suggest that the results should not be taken at face value in 

terms of their potential impact on actual policy decisions due to assumptions about the 

nature of the bubble and abstractions within the model.  However, Gali indicates that the 

conclusions of the model may be important in determining how to respond to asset price 

bubbles by pointing out a ‘missing link’ which may have been previously overlooked when 

evaluating policies of ‘leaning against the wind.’  

Even when a central bank can identify significant asset price changes it may not be 

appropriate for it to act.  In applying Poole’s (1970) analysis, Cecchetti, Genberg and 

Wadhwani (2002) suggest that a ‘leaning against the wind’ policy would not be appropriate 

if the underlying disturbance were found to be generated by other markets, that is, if the 

observed changes are solely due to changes in fundamentals.    For example, when 

favourable productivity shocks are positively impacting on equity prices then there should 

be no intervention. 

If central banks are to have some influence over asset price bubbles their main tool 

is the standard monetary policy tool of setting interest rates.  Although often described as 

too blunt a tool to deal with bubbles, it is also somewhat debatable whether monetary 

policy can have an effect on the size of an asset price bubble.  Generally, an increase in the 

interest rate will reduce the prices of many assets, including those that are not booming or 

forming a bubble.  There is also debate as to whether increasing interest rates would 

provide a catastrophic burst or have nearly no effect at all.   The 2005 ECB monthly 

bulletin article, mentioned earlier, also discusses the option of central bankers attempting to 

‘prick’ bubbles.  It suggests that the level of interest rates required to induce the bubble to 

burst would be so high as to have a large detrimental effect on the rest of the economy.  
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Therefore a policymaker must weigh the effect of the interest rate on the bubble against the 

effect on the rest of the economy.  However, the article does lend some support to the 

approach of ‘leaning against the wind’ as a response to asset price bubbles.  One benefit of 

such a policy is that any reaction would occur at an early stage in the bubbles’ lifetime, thus 

avoiding rapid bubble growth due to an accommodative monetary policy. 

Bernanke (2002, p2) argues that a central bank should use the “right tool for the 

right job”.  He suggests that the Fed’s main monetary policy instruments are better used to 

achieve its main macroeconomic objectives, whilst its other roles in financial regulation, 

supervision and as a lender of last resort might better accomplish financial stability.  

However, the approach in which the central bank merely reacts after the bubble has burst 

can also be problematic.  Greenspan (1999, p7), commentating on the problems posed by 

bubble crashes, suggested that the Fed should “mitigate the fallout when it occurs”.  It 

could be argued that in doing so a central bank runs the risk of creating a moral hazard.  

The problem is that speculators would be confident that any exuberant bubbles would not 

be ‘pricked’, but that if they burst, policy would be significantly eased to reduce the 

speculators’ losses.  This issue is explored in this paper since the model incorporates the 

expectations of speculators to some extent.  Whilst the moral hazard problem is not fully 

investigated this paper does allow for differences in the expectations of speculators.  There 

is an important difference between when they are faced with a policy maker who responds 

to asset price bubbles, and one who does not. 

Assenmacher-Wesche and Gerlach (2010) suggest that the tightening of monetary 

policy in response to asset price increases may have a small effect on asset prices but a 

large negative effect on real economic activity and output.  Their findings, by their own 
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admission, are subject to the Lucas critique - by reacting to asset prices in a formal 

monetary policy framework, the central bank will alter expectations about the future path of 

asset price bubbles in a way that is more stabilising. 

Nevertheless, many studies such as Kent and Lowe (1997), Gruen, Plumb and Stone (2005) 

and Cecchetti, Genberg, Lipsky and Wadhwani (2000) investigate the effects of the policy 

interest rate on the economy during periods of bubble activity and on the bubble itself.  

Kent and Lowe assume that a bubble will grow exponentially until it bursts.   As the asset 

price rises, so too does inflation through standard wealth effects.  If the central bank does 

not react to the increase, then the bubble will either burst or continue rapid growth in the 

next period.  Tighter monetary policy will increase the probability of this collapse.  They 

suggest that there are circumstances where tightening policy, in order to cause the bubble to 

collapse sooner rather than later may be desirable.    They argue that such an approach 

allows the central bank to achieve less variability of inflation across all periods at the 

expense of only small deviations from the target level.  The approach of Kent and Lowe is 

not to be confused with ‘leaning against the wind’, though it was the first paper to push in 

that direction.  The objective of a LATW policy is not to target bubbles or attempt to burst 

them but to achieve better macroeconomic performance by reacting to asset price 

misalignments, over and above the reaction to inflation forecasts and the output gap. 

Although this paper attempts to model an asset price bubble that is affected by 

interest rates, the actual effects of interest rates on asset price bubbles are very difficult to 

quantify.  Mishkin (2008, p2) states quite strongly that “we do not know the effects of 

monetary policy on asset price bubbles”, indicating that bubbles are essentially a departure 

from normal behaviour.  He suggests it is unlikely that normal monetary policy would be 
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effective in abnormal conditions.  Therefore the effects are understandably likely to be 

different for bubbles in different sectors and time periods.   

If monetary policy can have an effect on the bubble then it may prove a valuable 

channel for policymakers as the bubble’s inflationary pressure on the economy can be 

reduced at the same time as the bubble’s size, by increases in interest rates.  As the bubble 

would be smaller than in the no intervention case, the potential crash from the bubble 

bursting is also reduced.  

The aim of this paper is therefore to determine whether there is a role for monetary 

policy in responding to asset price bubbles in the situation where the central banker is not 

fully aware of all the information about the bubble. As such the central banker is unaware 

of the bubble’s stochastic properties, what particular factors are driving its growth and 

when it will burst.  This approach is therefore in direct contrast to the GPS paper where the 

Activist policymaker was in full possession of these properties.  Moreover, at the core of a 

‘leaning against the wind’ policy is the idea that the central bank does not have full 

information about the bubble.  LATW is an attempt to reduce an asset price bubble’s effect 

on the economy, despite this imperfect information.  This paper will show that the lack of 

information about the bubble is not an obstacle to a successful LATW policy.     

In this chapter the GPS model and their results are initially explained.  Their 

conclusion is that there is no clear advantage to pursuing an Activist policy i.e. a policy 

where there is a reaction to an asset price bubble.  It is of interest to determine whether this 

result holds when a number of changes are made to their original model.  An initial change 

is to drop the assumption of full information and alter the reaction of the Activist 

policymaker.  In addition some changes to the behaviour of the bubble will be introduced.  
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It can then be determined whether there is a clear difference in outcomes between a 

policymaker who reacts to asset prices and one who does not.  This chapter  will follow a 

deterministic framework, similar to GPS and in Chapter 3 the model is extended so that 

simulations are conducted within a stochastic framework.   
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2.2 Gruen, Plumb and Stone Model Description 

Gruen, Plumb and Stone (from now on GPS) begin with a basic model of the 

macroeconomy, based heavily on Ball (1994, and 1999); represented by equations 2.1 and 

2.2 below.     

    yt  = -βrt-1+  λyt-1   [2.1] 

    πt  =  πt-1 + αyt-1   [2.2] 

 

In this model yt is the output gap, rt is the deviation of the real interest rate from its neutral 

level, and πt is the deviation of consumer price inflation from its targeted rate.  Ball and 

Svensson (1997) additionally include white noise shocks to both inflation and output, 

however these have been removed for simplicity. 

The values of many of the parameters in the model are those used in GPS, which in 

turn were taken from earlier work by Ball (1999a) and Svensson (1997).  For example, the 

coefficients in the output and inflation equations 2.1 and 2.2 are taken directly from GPS’s 

own simulations.    The parameters chosen for α, β and λ are positive exogenous constants 

with λ <1, so that the output gap will return to zero over time.  These values, α = 0.4, β = 

0.5, λ = 0.8, were chosen to represent the U.S. economy and were determined by previous 

research by Ball (1994), DeLong and Summers (1988), and Rudebusch (1995).  The same 

parameters were again used by Ball (1999a) in an open economy model in which he 

described the model as being representative of a small to medium open economy.   These 

same parameters will be used again here and as Ball implies, in the model simulations, 1 

period will be equal to 1 year in length. 
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The economy is considered to be initially in equilibrium, with the output gap and inflation 

on target and the real interest rate at its neutral level (yt, πt and rt all equal zero).  The model 

is then extended to include the effects of an asset price bubble.  Where At is the size of the 

bubble and ΔAt is the change in the size of the bubble.   

 

yt  = -βrt-1  +  λyt-1  + ΔAt  [2.3] 

πt  =  πt-1 + αyt-1   [2.4] 

 

Output is affected by changes in the size of the asset bubble.  The effect is that in 

each period where the bubble is growing, it will affect the output gap by the equivalent 

change in the size of the bubble.  The behaviour of the bubble is characterised as follows: 

The size of the bubble is initially zero, at period 0, and in each period thereafter the 

bubble either grows or bursts.  In GPS the bubble’s growth is an exogenous constant γt.  In 

each period the bubble either continues to grow by γt, with probability (1-p), or it bursts, 

with probability p. The probability of the bubble bursting, p, is determined exogenously 

and is constant. In the simulations of GPS the bubble is forced to burst after 14 periods eg. 

p14 = 1, where the subscript indicates the particular period.  When the bubble bursts all 

previous price increases are eroded and the bubble’s price returns to zero.  For this basic 

case γt is assumed to be 1 for all periods after t0.   
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This behaviour is represented in equation 2.5 below. 

 

 At =  At-1 + γt, with probability 1- p  

 or        [2.5] 

 At = 0, with probability p 

 

Therefore, for every period in which the bubble continues to grow, the output gap will 

increase by γt.  Conversely, if the bubble bursts, the effect is contractionary.  When the 

bubble bursts the change in the size of the bubble, ΔAt, will be -At-1 = -(t-1) γ, that is, 

output will fall by At-1.   

The economy therefore evolves according to equations 2.3, 2.4 and 2.5.  GPS are 

careful to point out that the structure of both the economy and the asset price bubble are 

simple and stylised.  For example, they state that forward looking inflation expectations are 

not modelled.  Due to this omission there is limited scope for monetary policy to affect the 

path of inflation by pre-commitment to a chosen monetary policy.  The treatment of the 

asset price bubble is also simplified in that the focus is on its impact on real activity rather 

than the process of bubble formation itself.  GPS argue that much of the literature 

surrounding asset price bubbles concentrates on informational difficulties faced by 

policymakers in the face of a growing asset price bubble.  They reason that by 

concentrating on a simple case, where the full stochastic properties of the bubble are known 

to the policymaker, one can abstract from these problems and “explore whether there are 

other factors…which complicate an approach of actively responding to asset price bubbles” 

(p7).   We now turn to the treatment of monetary policy in the model.   
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GPS outline two different types of policy maker; a Sceptic and an Activist.  The 

policymakers have the same preferences with regard to both inflation and output.  In each 

period the policymaker sets the real interest rate, rt, to minimise the weighted sum of 

expected squared deviations in output and inflation from their target levels.  In other words, 

the policy maker sets rt to minimise the following loss function: 
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Where μ is the relative weight on expected deviations in inflation and Et
c
 is the 

expectation of policymaker c at time t.  GPS choose the value μ =1 so that policy makers 

are assumed to care equally about deviations in output and inflation.  The terms for output 

and inflation are squared, indicating that policymakers care equally about deviations in 

output and inflation in either direction and care relatively more about larger deviations. 

With regards to the timing of interest rate decisions, it is assumed that both 

policymakers are able to observe output in each period before setting the interest rate for 

that period.  They are therefore able to determine if the bubble has grown or collapsed in 

that period. 

The policymakers both understand the behaviour of the economy according to 

equations 2.3 and 2.4.  However, the Activist is also aware of equation 2.5 and therefore 

understands the behaviour of the bubble.  It is assumed that the Activist learns this 

information at t0 and therefore sets policy by considering the full stochastic nature of the 

bubble.  He believes that an asset bubble may be forming and responds optimally, taking 

into account how the bubble may affect future output and inflation.  He therefore 

incorporates the bubble’s expected growth, and the risk that it may burst, into the loss 
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function, equation 2.6.  The Activist is concerned with the effect of the bubble across all 

future periods and not just the effect next period.  He must consider all possible 

permutations of the bubble bursting or surviving in the remaining periods and their effects.  

Having done so, the Activist has now formed a probability weighted expectation of future 

deviations in output and inflation and can now calculate the interest rate path that would 

minimise the loss function, equation 2.6. 

The Sceptic does not believe that an asset bubble is present or will form, even when 

its effects on the economy are realised.  GPS suggest that the Sceptic can therefore be 

thought of as simply believing in the efficient markets hypothesis and assuming that the 

expected value of future asset bubble shocks is zero.  Therefore, when making monetary 

policy decisions the Sceptic does not try to predict the effects of the asset bubble or take 

pre-emptive action.  The Sceptic does however still observe the effect of the change in 

bubble size, ΔAt, on output and subsequently inflation.    

As mentioned, the Sceptic ignores the stochastic properties of the asset bubble and 

since certainty equivalence holds, the Sceptic follows the Taylor rule below.1 

 

rt = 1.1 yt + 0.8 πt       [2.7] 

 

Each period, the Sceptic reacts to changes in the output gap.  For periods where the bubble 

is growing he raises interest rates to offset the bubble’s expansionary effect but does not 

                                                 

1 GPS follow Ball in that the above Taylor rule is optimal i.e. it minimises the loss function, given the 
assumed parameter values of α, β and λ.   See Ball (1999a) for full details. 
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consider how the bubble may evolve in subsequent periods.  In the event that the bubble 

bursts, both the Sceptic and the Activist will ease policy in line with the Taylor rule. 
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2.3 Gruen, Plumb and Stone Results 

In this section the baseline results of the GPS paper are presented.  The graphs that follow 

show the optimal policy recommendations, of both the Sceptic and Activist, for cases 

where the bubble continues to grow each period.  A given policy recommendation for each 

period is conditional on the bubble having survived until that period and on the policy up 

until that period having been chosen by the Sceptic.  This is so that both policymakers face 

the economy in the same state before making their policy decision.  The responses of the 

two policymakers can then be compared.  The bubble is forced to burst after 14 periods. 

 

2.3.1 GPS Baseline: Policy does not affect the bubble 

 

In the following baseline specification, throughout the lifetime of the bubble, it is assumed 

that   γ =1.  Therefore the bubble’s effect on output is constant until it bursts in period 14.  

The results for the GPS baseline case can be seen in Figure 2.1.  The Sceptic, as mentioned 

earlier, only responds to actual changes in output and inflation caused by the bubble each 

period.  The Sceptic, being unaware of the bubble at t0 does not change the interest rate 

from its neutral level at this time.  However, once the bubble develops and begins to affect 

output, the Sceptic reacts by following the Taylor rule, equation 2.7.  The increase in the 

interest rate in period 1 causes output to be lower in the next period, even with the effect of 

the bubble.  This continues in subsequent periods but at the same time inflation begins to 

rise, due to the lagged effect of output.  Consequently, the downward trend, after the initial 

rate rise, is due to the particular weights on inflation and output chosen for the Taylor Rule. 
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The policy choices of 2 Activists are now considered.  The Activists are identical apart 

from their belief about the probability of the bubble bursting.  One believes that p = 0.2 (the 

‘durable bubble’ Activist) and the other estimates this as p = 0.4 (the ‘transient bubble’ 

Activist).  In contrast to the Sceptic, the Activists, knowing that the bubble has a given 

probability of bursting, and knowing the bubble’s effect on output should it continue, 

increase the interest rate at t0 to offset the expected deviation in output.  The Activists are 

aware that the longest that the bubble will survive is until t14, however, they take into 

account that the bubble may burst in any one of the remaining periods when choosing the 

interest rate.  It is only in period 13 that they know with certainty that the bubble will burst 

in the next period. 

As the bubble survives over time, the size of the bubble is increasing and so too is 

the size of the potential negative effect on output, should the bubble burst.  After 2 periods 

the Activists no longer agree whether rt should be higher than the Sceptic, simply because 

of differences in their beliefs about the likelihood of the bubble bursting.  The ‘transient 

bubble’ Activist sets interest rates lower as he believes the probability of the bubble 

bursting is higher.  This therefore lowers his estimate of expected output and in turn affects 

his interest rate decision through the loss function.   This highlights the central theme of 

GPS’s paper in that the policy of the Activist will depend on his belief about the stochastic 

properties of the bubble. 

In the original paper GPS conclude that the appropriate strategy for dealing with an 

asset price bubble depends on the stochastic properties of that bubble.  They suggest that in 

some cases the Sceptic’s policy may be preferable and would lead to the best outcome.  
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Overall, it is not clear that an Activist policy would be better in all situations.  Therefore, 

they cannot lend full support to reacting to asset bubbles, given their framework. 
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2.4 Developments and Additions to the GPS Framework 

In order to better understand the motivation for changes to the original GPS model let us 

first look at some of the problems encountered within the GPS framework.  The most 

notable issue is that the approach of GPS involves putting to one side the informational 

difficulties faced by central bankers by instead giving the Activist policymaker full 

information about the dynamics of the bubble.  It is suggested that one reason why central 

banks should not react to asset price bubbles is that often the central bank may have little or 

no information about whether a bubble exists.  Even if the central bank suspects that an 

asset price bubble has formed, it can be very difficult to predict when such a bubble will 

burst, or what path it will take.  This raises the question as to why a central bank should 

react to an asset price bubble when it has so little information about it.  

GPS circumvent these informational difficulties and attempt to determine what the 

optimal monetary policy response should be.  By making the Activist central banker aware 

of all the stochastic properties of the bubble, they aim to determine what an Activist central 

banker would do if he was in possession of such information. GPS do not attempt to link 

the formation and subsequent growth of the asset bubble to the behaviour of speculators or 

any other agents.  Instead they simply assume that the stochastic behaviour of the bubble is 

known, regardless of how this stochastic process came about.   In addition, although GPS 

alter the behaviour of the bubble in later simulations, no suggestions are given for the 

intuition behind these changes, they simply state that the central banker is aware of them. 

Although their approach is intentional, this treatment of informational difficulties means 

that the original GPS paper may be criticised for allowing the central banker to have ‘too 

much’ information.  Therefore, in order to better represent a central bank adopting a LATW 
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approach changes have been made to the original model so that the Activist central banker 

does not have access to the full stochastic properties of the bubble.  If it can be shown that 

an Activist central banker adopting a LATW policy – despite not being in possession of  

full information about the bubble’s properties -  can outperform a central banker that does 

not react to asset prices at all, then such a result would lend support to the idea of ‘leaning 

against the wind’. 

The GPS model and this paper differ significantly in that my own additions to the 

GPS model include the introduction of agents whose actions can influence the growth of 

the bubble.  These agents not only form expectations about the future path of the bubble’s 

growth but they also form expectations about monetary policy.  It must be noted, however, 

that although these agents make expectations, they are not necessarily rational.  The agents 

merely follow a rule based on assumptions built in to the model.  They may have their own 

behavioural rules, but rational expectations may apply to their predictions of the central 

banks activity.  Modelling this type of behaviour allows the central bank to affect the 

bubble by influencing the agents’ expectations.  The inclusion of these types of agents in 

the model provides an additional channel, compared to GPS, through which a LATW 

policy can affect the bubble and thereby the economy.  This channel is arguably 

fundamental to a successful ‘leaning against the wind’ policy.   

As mentioned above, in developing the GPS model significant changes have been 

made to the behaviour of the asset bubble.  The changes differ from GPS in that the revised 

model includes fundamental, speculative and monetary policy dependent components to the 

growth of the asset bubble.  Additional changes were also made to the way the Activist 

policymaker formulates his monetary policy decision. 
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One of the objectives of this chapter is to evaluate a central bank policy of ‘leaning against 

the wind’.  It is difficult to include the changes this thesis employs and a policymaker that 

uses LATW in the original GPS framework.  The reason for this is that in GPS the 

Activist’s policy is determined by solving the loss function, equation 2.6.  In order to 

evaluate and minimise the loss function it is necessary to provide the Activist with the full 

stochastic properties of the bubble and the knowledge that it will exogenously burst at some 

future period (period 14 in GPS).   The original GPS Activist is therefore aware of the 

probability that the bubble will burst in each period and that the bubble will not survive 

beyond a certain point.2   

If the Activist was instead thought of as following a Taylor rule, albeit one that 

responds to asset prices, then the interest rate would no longer be determined by 

mathematically minimising the loss function.  This would mean that there is no need for the 

bubble to burst exogenously and simulations can be extended to a greater number of 

periods.  In addition, this approach makes it possible to study the situation where the 

Activist is not in possession of the full stochastic properties of the bubble. 

As well as attempting to minimise expected deviations in output and inflation, the 

goal of the Activist in this paper is to react to asset prices in a way that can reduce the 

potential negative effects to the economy of a bubble bursting.  In order to achieve this the 

Activist can be thought of as using a modified Taylor Rule that additionally includes a 

reaction to both the level of and the change in the asset price.   

                                                 

2 The knowledge that the bubble will not survive beyond a certain point can produce counterintuitive 
behaviour towards the last few periods of the bubble’s life. 
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The Activist is concerned with ΔAt since, given the nature of the bubble,3 current changes 

in the size of the bubble are associated with future changes.  However, he is also concerned 

that should the bubble burst, the size of the economic crash will be determined by the size 

of the asset bubble - the greater the size of the bubble when it collapses the greater the 

negative shock to output.  Therefore, the Activist will also be concerned with the level of 

the asset bubble and will include this in the modified Taylor Rule.   

A modified Taylor rule4 such as this allows the Activist to go beyond the GPS 

approach of setting the ‘optimal’5 interest rate with regard to output and inflation, by 

‘leaning against the wind’ (LATW) of future asset price rises and attempting to reduce the 

size of the bubble.  The Activist’s Taylor Rule is as follows: 

 

rt = 1.1 yt + 0.8 πt + ρAt + ωΔAt                [2.8] 

 

In Equation 2.8, ρ and ω reflect the degree to which the Activist central banker is 

concerned about the level of the asset price and the recent change in the asset price.  They 

are exogenously determined positive constants (between 0 and 1).  

Furthermore, when ‘leaning against the wind’, the goal of the policymaker is to 

minimize the effect of the bubble on the economy and reduce the bubble’s size, as well as 

                                                 

3 See Equation 2.15 defining speculation effects, Xt 
4 It is worth considering the case where only inflation enters the central bank’s loss function.  As such the 
derived optimal Taylor rule would have different weights on both output and inflation.  Output would still be 
a concern for the central bank in this case since it affects inflation albeit with a 1 period lag.  This special case 
would be unlikely to affect the relative results since the Activist would still use an augmented version of this 
new Taylor rule, responding to asset prices.  The difference between policymakers would still remain in the 
augmented part of the Taylor rule that responds to asset prices. 
5 Optimal, given that he is aware of the full stochastic properties of the bubble and therefore all potential 
outcomes. 
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attempting to minimise expected deviations in output and inflation.  As such it seems 

logical that a policymaker using this approach will only react to positive changes in the 

asset price.  It would be counterintuitive for the Activist to ease policy after observing a 

negative ΔAt, given that his goal is to reduce the size of the bubble.    As such, for initial 

simulations, the Activist will only react to positive changes in the asset price.6  The Sceptic 

will still follow the standard rule, not being concerned with the effects of the bubble, as per 

Gruen, Plumb and Stone.   

 

rt = 1.1 yt + 0.8 πt       [2.7] 

 

A further change to the GPS model is in the interaction between the bubble and the 

output gap.  In the original GPS model the effect of the bubble on the output gap is simply 

ΔAt.  If the bubble stopped growing, then the output gap would return to zero, despite the 

fact that the bubble had still not collapsed.  The contribution of the bubble to output is now 

a proportion,       τ (0 < τ< 1), of the bubble’s size.  However, when the bubble crashes, the 

effect on output will still be -At-1.  This means that the crash will not simply be a reversion 

of the output growth attained during the bubble’s increase in size but a much larger 

negative shock to output.     

                                                 

6 A comparison can be found later in this chapter, Table 1.1, detailing the results from simulations in which 
two Activist Taylor Rules were used.  One Activist applies equation 3, regardless of the sign of ΔAt and the 
other only reacts to ΔAt if it is positive.  Both policymakers will still respond to the level of the asset price as 
the equation describes. 
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The economy is now governed by a new equation below.  Equation 2.9 is the updated 

output equation, whilst 2.10 remains the unchanged inflation equation.  In order to model 

the effect of the bubble bursting a dummy variable is introduced, ζ, which has a value zero 

when the bubble is present and 1 when the bubble bursts. 

 

yt  = -βrt-1  +  λyt-1  + τAt   -  ζ At-1   [2.9]   

πt  =  πt-1 + αyt-1     [2.10] 

 

Many of the problems associated with reacting to asset price bubbles come from 

informational difficulties for the policymaker.  The main concern is that the policymaker 

cannot tell whether a given change in asset prices is due to changes in fundamentals or 

other factors.  Therefore by including both a fundamental and speculative component these 

factors can be experimented with in simulations.  It also seems logical to include a direct 

effect on the growth of the asset bubble due to changes in the real interest rate.   

The stochastic nature of the bubble is left unchanged from GPS.  The bubble will 

still continue to either grow or burst, with probabilities (1-pt) and pt respectively. At is still 

defined as the price of the asset but now a number of additional components are added.   

 

At     =  At-1 +  ft + Zt + Xt  [2.11] 

 

ΔAt   =  ft + Zt + Xt   [2.12] 
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Let us define ft as the fundamental growth of the asset price.  It is determined exogenously.  

Its value will change depending on each simulation.  The simulations will model the cases 

of both persistent and non-persistent fundamental growth.  Therefore for simulation 1 it will 

have a value of 1 for 5 periods (and zero thereafter) and for simulation 2 it will have a value 

of 1 for all periods. 

Zt is the effect on the asset price of the interest rate set by the monetary authority.  

The monetary authority makes its decision at time t-1, and the effect of this decision is 

realized as Zt .  

For simplicity a basic effect is modelled as determined by the difference between 

the lagged interest rate chosen by the policy maker (c) and the neutral interest rate.   

 

Zt = φ (rc
t-1)    [2.13] 

 

φ   is a negative exogenous constant.  Thus an increase (decrease) in the real interest rate 

above its neutral level causes a decrease (increase) in the asset price.7   

Xt represents a feedback effect on the asset price of departures from the asset’s 

fundamental price, due to speculation in the asset market. The speculators believe, to some 

degree, that the growth of past prices is indicative of the future growth of the asset price. 

The intuition is that speculators observe an initial high return on the asset and assume that 

this high return will continue.  They therefore make a decision, based on current 

information, whether or not to purchase the asset.  The speculators will only purchase the 

                                                 

7  φ will be constant across time periods, although different values will be used in some simulations.  
Intuitively it should be <1. 
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asset if the probability of gains is higher than losses, according to their estimate.  If this is 

true, then speculators will ‘bid up’ the price of the asset. The observed high return in 

previous periods leads to more speculators entering the market, purchasing the asset and 

bidding up the price.  The larger the expected gains, the larger the increase in the asset 

price.  This can be interpreted as a ‘momentum’ effect temporarily causing asset prices to 

deviate from their fundamental values.  Although this type of effect was briefly discussed 

in the introduction, Shiller (2001) illustrates how certain behavioural characteristics of 

investors can generate this ‘momentum’.  He suggests that in making subjective judgements 

people tend to disregard base rate probabilities and instead rely on observed familiar 

patterns. Past successes and high self-esteem can lead to placing false confidence in 

estimates of future events. He observes that people’s abilities to revise their estimates of 

probabilities, given new information, are also prone to a conservative bias.  People often 

revise their estimates in the right direction, but not by enough.  The examples above are 

only a handful of the many discussed in the study of behavioural finance.  It is 

characteristics like these that can play a part in the formation of asset price bubbles.  Shiller 

concludes that “intuitive judgments......are ultimately very important in determining the 

direction of the market” (p5).    However, the concern of this paper is not to determine what 

causes asset price bubbles or to predict how they will behave but to investigate how 

monetary policy should respond to them.  Instead, the Xt component is merely a simple 

representation of the type of behaviour Shiller and others describe.  Therefore, the Xt 

component is included so as to provide a channel through which monetary policy can affect 

this type of speculation.  We now turn to the 3 factors which determine Xt. 
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Firstly, if the bubble does not burst, the speculators believe that the future growth of the 

asset will be based on previous changes in the asset price. In particular the speculators 

consider the average8 change in the asset price in the last 5 periods.  They cannot identify 

whether a given change in At is due to a change in the fundamental component, monetary 

component or speculation component.  They only observe At. They believe that, should the 

bubble survive, this growth will continue into the next period.  

It is assumed that the change in At is more important to speculators than At since 

ΔAt represents the ‘return’ each period.  If this continues to be high, then more and more 

speculators purchase the asset each period, thereby continuing to increase the price.   

Secondly, they believe that there is a probability pe that the bubble will burst and 

that the bubble will continue to grow with probability (1- pe).  This expected probability 

can be different from the actual probability of the bubble bursting, p.    A low value of pe 

leads to a high value of Xt, ceteris paribus, as per equation 2.14 below.  This is intuitive 

since an investment which is expected to continue to grow will often encourage further 

investment.  The speculators are simulated as having a low value of pe.  They are aware that 

the bubble could burst but they believe that this is a very low probability event.   

Thirdly, the speculators are aware of the effect of Zt on the asset price and they will 

try to predict this value in order to determine the level of At should the bubble survive.  In 

addition, the speculators are aware of the type of central banker presiding over the economy 

at the time.  This therefore aids them in the formation of their expectation of Zt.  Et-1(Zt) is 

                                                 

8 Earlier versions of the Xt effect oscillated between positive and negative once Xt first became negative.  By 
using the average change, instead of lagged change, the oscillation is no longer present.  Xt now smoothly 
transitions from being positive to negative.    
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the expectation, made at the end of the previous period, of the change in the asset price due 

to monetary policy intervention, which will be realized this period, t. 

The 3 effects above are combined to give the speculators’ expectation of changes in the 

asset price, equation 2.14 below. 

 

     Et-1 ΔAt  = (1-pe) {(ΔAt-1 + ΔAt-2......+ ΔAt-5)/5 + Et-1(Zt) } – pe
 (At-1)       [2.14] 

 

Equation 2.14 outlines that the potential gain to the Speculator is the expected positive 

change in the asset price, and the loss is the reversion of the bubble back to its original 

value.  The implication is that if equation 2.14 is positive, then there will be new purchases 

of the asset and so a positive asset price increase (and vice versa).  However in order to 

examine cases of both fundamental growth and speculation it seems prudent to allow for 

variations on the size of the speculation effect.  This is to control for the degree to which 

the market is prone to speculation and the effects of ‘animal spirits’ within the market. 

A positive exogenous constant, θ, is now introduced to equation 2.14, to give 

equation 2.15, below, which now fully explains the Xt term.9 

 

   Xt = θ  [(1-pe) {(ΔAt-1 + ΔAt-2......+ ΔAt-5)/5 + Et-1(Zt) } – pe
 (At-1)]     [2.15] 

 

                                                 

9 One possible area of concern is the calibration of the values of θ and φ.  Care must be taken when 
conducting simulations since their size relative to ft could significantly alter results. Therefore a number of 
simulations will be conducted using alternative values for these components.  However, it is highly likely that 
the sensitivity of an asset bubble’s growth to speculation and the real interest rate vary widely, depending on 
the type of asset.  As such they may be seen as the characteristics of a particular bubble.   
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2.5 Method of Model Simulation 

Originally, in GPS, the Activist’s monetary policy decision was determined by optimally 

minimising the loss function in light of information about the stochastic path of the bubble.  

This was done by inputting the loss function, equations for output, inflation and the bubble 

path into the ‘solver’ program in Microsoft Excel to obtain and optimal interest rate.  The 

problem with this approach is that it requires the Activist to have full information about the 

bubble’s characteristics.  When calculating the Activist’s policy all future potential 

outcomes of the bubbles path had to be accounted for.  However, by having the Activist use 

an augmented Taylor rule, to represent a policy of ‘leaning against the wind’ one can 

reduce the information required by the Activist to a minimum.   

In conducting the simulations I used Excel to calculate the path of the bubble and 

subsequently its effect on the other variables.  Each period the reaction of the policymaker 

was calculated and this in turn allowed other variables to be determined.  The procedure is 

very similar to the GPS treatment of the sceptic in the original model.  The difference here 

is that the bubble is more complex and the Activist also uses some form of Taylor rule.   

Although in GPS there is a stochastic element to the bubble, the probability that it 

will collapse, the simulations here are essentially deterministic.  This is because the 

probability p is exogenously fixed and the simulations are conducted for a given number of 

periods under the assumption that the bubble will survive for that long.  If the bubble was 

to burst in a particular period simulated, the path of the economy would still be as 

simulated up until that point ceteris paribus.  

Furthermore, the presentation of the values of variables, contained in the following 

simulations, is different from GPS.  In their original paper, GPS calculated each of the 
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Activist’s data points under the assumption that all previous policy decisions were taken by 

the Sceptic.  This is no longer the case.  The data points displayed for the Activist are 

determined by using his Taylor rule for every period of the simulation. 
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2.6 Model Calibration 

Since both the Activist and the Sceptic now follow a Taylor Rule, the simulation is run for 

a larger number of periods (maximum of 50) and each point displays the interest rate 

chosen by the policymaker should the bubble survive that long.  The parameter values for 

all subsequent simulations are as follows: 

 

α = 0.4, β = 0.5, λ = 0.8, τ = 0.4 

ρ=0.3, ω= 0.3 

θ=1, φ= - 0.1  

pe = 0.05, p = 0.2 

 

The values of α, β and λ are the same as those used in GPS and in Ball, and are used 

here for consistency.  The loss function, equation 2.6, is used to determine the values of the 

standard (Sceptic) Taylor Rule.  The policymakers care equally about expected deviations 

in output and inflation, hence μ =1.  Given the parameter values α = 0.4, β = 0.5, λ = 0.8, μ 

=1 it can be determined, as in Ball (1999), what the optimal weights should be on output 

and inflation in the Taylor Rule.  Ball and GPS use these optimal weights which are 1.1 and 

0.8 respectively, as in equation 2.8.  Therefore, this Taylor Rule can be considered optimal 

from the point of view of the Sceptic. 

Due to the changes that have been made to the original GPS framework, asset prices 

are now modelled more directly.  The GPS approach was more akin to modelling the effect 

of asset prices on the output gap whereas this thesis models the behaviour of an asset price 

bubble.  Therefore, it must be determined how such a bubble will affect output.  The value 
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of τ was chosen in order to represent a bubble which significantly affects the output gap.  

As such, a given change in the bubble size will affect the economy far less than in the 

original GPS case.   

The value of pe = 0.05, was chosen to represent the strong belief of speculators that 

the bubble will continue.  The value of pe is much smaller than p from the original GPS 

simulations (pe = 0.05, compared to p = 0.2).  Such a low value is used so that speculators 

assign a very low probability to the bubble bursting.  If this value is too low, then the 

behaviour of the speculators in the model is no longer representative of the ‘herding’ effects 

that are often seen during the lifetime of a bubble. 

The parameter θ was chosen to be 1, to establish a benchmark case and so that the 

effect of speculation is only dependant on the expected value of the asset.  Lastly, φ is 

negative so that an increase in the interest rate above its neutral level leads to a decrease in 

the size of the bubble ceteris paribus.  It is a low value since we expect that the real interest 

rate will not have a large effect on the asset price bubble. 

The Activist Taylor rule is constructed to be representative of a policymaker 

‘leaning against the wind’ of an asset price bubble.  This means that the policymaker should 

react in some way to the bubble in a manner that attempts neither to burst the bubble 

(reduce it to zero) nor to completely offset its effects on the rest of the economy.   

In order to explain the values assigned to ρ and ω it is useful to examine a 

simplified case first.  Let us assume that the growth of the bubble in the first period is 1 and 

that there are no other growth effects for the moment.  The Sceptic will react using the 

standard Taylor rule and the Activist will react using the augmented Taylor rule where the 

weights of ρ and ω are both 0.3.  The values of other parameters are as described above.  
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The bubble is initially zero and the economy starts in equilibrium with output and inflation 

both zero. 

 

2.6.1 Example 1: 

 

Period 1:  The bubble grows by 1, so At =1 and ΔAt =1 

Since:   yt  = -βrt-1  +  λyt-1  + τAt   -  ζ At-1   [2.9] 

 

  πt  =  πt-1 + αyt-1     [2.10] 

 

y1  = -βr0  +  λy0  + τA1    and  π1  =  π0 + αy0 

y1  = τA1    π1  =  0  

y1  = 0.4 

 

Now the Sceptic reacts, according to equation 2.7: 

 

rt = 1.1 yt + 0.8 πt       [2.7] 

 

Sceptic, r1 = 1.1(0.4) + 0.8(0) = 0.44 
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The Activist reacts according to equation 2.8: 

 

rt = 1.1 yt + 0.8 πt + ρAt + ωΔAt            [2.8] 

 

Activist, r1 = 1.1 (0.4) + 0.8 (0) + 0.3(1) + 0.3(1) = 0.44 + 0.6 =1.04 

 

Period 2:  Let us assume no further growth of the bubble: 

 

Sceptic:  

   y2  = -0.5(0.44)  +  0.8(0.4)  + 0.4(1)    and  π2  =  0 + 0.4 (0.4) 

 y2  = 0.5         and  π2  =  0.16 

  

Activist: 

 y2  = -0.5(1.04) +  0.8(0.4)  + 0.4(1) and  π2  =  0 + 0.4 (0.4) 

 y2  = 0.2     and  π2  =  0.16 

 

We can see from this step by step analysis that by setting the interest rate higher than the 

Sceptic in period 1, the Activist enjoys lower output in period 2.  This lower output would 

then feed through to inflation the following period, resulting in lower inflation under the 

Activist policy.  The bubble’s growth is still unaffected in the simple example above.  A 

new term Zt is now introduced (the effect of the interest rate on the bubble)  in another step 
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by step example.  The starting conditions are the same as before and the parameters are as 

outlined at the start of this section, above. 

2.6.2 Example 2: 

 

Period 1:  The bubble grows by 1, so At =1 and ΔAt =1 

 

y1  = -βr0  +  λy0  + τA1    and  π1  =  π0 + αy0 

y1  = τA1    π1  =  0  

y1  = 0.4 

 

Sceptic, r1 = 1.1(0.4) + 0.8(0) = 0.44 

Activist, r1 = 1.1 (0.4) + 0.8 (0) + 0.3(1) + 0.3(1) = 0.44 + 0.6 =1.04 

 

So far, there is no change from the previous example, but now in period 2 the bubble is 

affected by Zt as per equation 2.13. 

 

Zt = φ (rc
t-1)    [2.13] 
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Period 2:  

Sceptic:     

 

A2 =A1 + Z1 = 1 – 0.1(0.44) = 0.956 

 

y2  = -0.5(0.44)  +  0.8(0.4)  + 0.4(0.956)    and  π2  =  0 + 0.4 (0.4) 

y2  = 0.4824         and  π2  =  0.16 

Activist: 

 

A2 =A1 + Z1 = 1 – 0.1(1.01) = 0.899 

 

y2  = -0.5(1.01)  +  0.8(0.4)  + 0.4(0.899)    and  π2  =  0 + 0.4 (0.4) 

y2  = 0.1746       and  π2  =  0.16 

 

In this example it can be seen that if monetary policy affects the bubble, through equation 

2.13, the Activist can still outperform the Sceptic.  By reacting to the bubble, the Activist 

reduces the deviation in output and the size of the bubble in period 2.   

These two examples support the baseline calibration of ρ and ω.  They illustrate that 

the reaction by the Activist has a small effect on output, but not so much as to completely 

offset the effects of the bubble and that the bubble is reduced, but not by so much as to 

‘prick’ it.  These effects are indeed what a policymaker would hope to achieve by 

implementing a ‘leaning against the wind’ policy.  
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2.7 Simulation Results 

2.7.1 Specification 1: 11 Periods 

 

Figures 2.2.1 to 2.2.4 show the results for simulations of the Activist and Sceptic 

policymakers on the assumption that fundamental growth is positive for 5 periods but is 

zero thereafter.    The results for the real interest rate, bubble size, output gap and inflation 

are plotted for the first 11 periods of the simulation.  The Sceptic follows the unmodified 

Taylor Rule, equation 2.7, while the Activist follows a modified Taylor rule, equation 2.8, 

responding only to positive changes in At. 

The first graph for this simulation, Figure 2.2.1, shows the interest rate profile for 

the Sceptic and Activist.  The Activist initially sets interest rates higher than the Sceptic.  

This continues until period 6, after which the Activist’s interest rate profile remains below 

that of the Sceptic.  This is generally the profile that is expected. The Sceptic can be 

thought of as not believing that a bubble has formed.  Therefore he simply reacts to the 

bubble when it has an effect on output and inflation.  As the bubble grows and At becomes 

larger, the bubble’s effect on output becomes larger.  The Sceptic must raise the interest 

rate to offset the bubble’s growth, as it filters through to output and inflation.  The Sceptic 

still does not react to the bubble itself; only its effect on output and inflation.  Furthermore, 

the Sceptic does not consider the possibility that the bubble could burst, and as a result 

negatively affect the output gap.   

The Activist, on the other hand, observes the changes in the asset price, believes 

that a bubble might be forming and therefore ‘leans against the wind’ of asset price rises by 

applying the modified Taylor Rule, equation 2.8.  The Activist reacts to both the level of 
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the asset bubble and positive changes in the asset price, and subsequently sets interest rates 

higher than the Sceptic.  By setting higher interest rates the Activist is able to affect the 

bubble’s growth, thereby ensuring that it does not grow to be as large as in the Sceptic case 

(Figure 2.2.2).  A smaller bubble therefore leads to a smaller effect on output and inflation.  

In addition, the higher interest rates offset the bubble’s effect on the output gap, through the 

lagged interest rate, and this, when combined with the reduction in bubble growth, leads to 

an output profile noticeably lower than that of the Sceptic (Figure 2.2.3).  Similarly, 

through the effect of lagged output, inflation is noticeably lower under the Activist, when 

compared to the Sceptic (Figure 2.2.4) 

 

2.7.2 Specification 1: 50 Periods 

 

The results plotted in Figures 2.3.1 to 2.3.4 are from the simulation of the same model 

specification as above, but extended to last for 50 periods.  Although the first 11 periods are 

the same as in the previous simulation there is a difference in the path of the bubble in the 

extended simulation.  When the number of periods simulated is extended, the bubble has 

sufficient time to not only reduce in size, but become negative.  This is as a result of both 

investor speculation and interest rate policy.  It should be noted however that the bubble is 

still not considered to have burst and that speculators still believe, with a high probability, 

that the bubble will not burst.   

Figures 2.3.1 to 2.3.4 illustrate that the trends observed in the short run simulation 

(11 periods) seem to continue when the simulation is extended and it is assumed that the 

bubble survives for such a long time.  The Activist sets interest rates higher than that of the 

Sceptic initially, but thereafter is able to set interest rates lower.  The result of the interest 
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rates being higher at the start of the simulation (Figure 2.3.1) is that the bubble does not 

grow as large as in the Sceptic case.  This effect is continued when the simulation is 

extended.  When the Activist’s Taylor rule is applied, the resulting path of the bubble is 

always closer to zero when compared to the bubble path under the Sceptic’s policy (Figure 

2.3.2).  Furthermore, when conducted for a great number of periods, the bubble trends back 

to zero as the asset price returns to its fundamental level.  

In the extended simulation output shows signs of oscillation, due to the bubble also 

changing from being positive to negative.  In the case of the Activist, this oscillation is 

greatly reduced relative to that under a Sceptic policy regime (Figure 2.3.3).  Similarly this 

reduction in oscillation is observed in the case of inflation – inflation is lower and less 

volatile under the Activist (Figure 2.3.4). 

The results obtained from the long horizon and short horizon simulations of model 

specification 1 provide some support for the adoption of a ‘leaning against the wind’ policy 

such as that chosen by the Activist.  Under the LATW policy there is a trade-off between 

initially higher interest rates and lower interest rates throughout the lifetime of the bubble.  

The size of the bubble in the Activist case is also consistently lower and this means that in 

the event of the bubble bursting any negative shock to the economy will also be smaller.   

Also, in terms of the effect on output, both policymakers would encounter an oscillating 

output gap, but these fluctuations would be far smaller under an Activist policy.  
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2.7.3 Specification 2: 11 Periods 

 

The next set of results was obtained from simulations in which fundamental growth is 

persistent.  That is, ft=1 for all periods.  This is in contrast with model specification 1 

shown previously, where fundamental growth only lasted for 5 periods.  As mentioned, the 

model calibration remains the same as in previous simulations.  The results can be seen in 

Figures 2.4.1 to 2.4.4.   

 

α = 0.4, β = 0.5, λ = 0.8, τ = 0.4 

ρ=0.3, ω= 0.3 

θ=1, Ф= - 0.1  

pe = 0.95, p = 0.2 

 

As before, the paths of the real interest rate, asset bubble size and output are simulated for 

the Sceptic following a standard Taylor rule and the Activist following a modified Taylor 

rule.  In addition, the Activist will only respond to positive changes in the asset bubble, as 

in previous simulations. 

 The paths of interest rate decisions for both policymakers are displayed in Figure 

2.4.1.  As in Figure 2.2.1, the Activist initially sets an interest rate higher than that of the 

Sceptic.  After 6 periods though, the Activist is able to set a rate lower than the Sceptic.  As 

mentioned, this pattern is similar to the simulations in Figure 2.2.1, but most notably, the 

rates chosen reach a higher level than in Figure 2.2.1, before levelling off.  The reason for 

the interest rates being higher is that in this simulation the growth of the bubble is driven by 

a persistent ft.  In Figure 2.4.2 after 5 periods it is still the case that ft=1, therefore the 



 

62 

 

 

bubble grows to a larger size compared to Figure 2.2.2, the non-persistent case.  Since the 

bubble grows to a larger size it will have a greater effect on output, hence the Sceptic sets a 

higher interest rate after 5 periods than in the non-persistent case.  The Activist too must 

take account of this increase in the output gap, but will raise interest rates higher still, in 

response to the changes in the asset price and the levels of the asset price.   

After several periods, even although the persistent growth from ft still continues, the 

bubble does begin to level off and decrease in size.  This occurs due to the combination of 

the effect of investor speculation and the direct effect of the interest rate on the bubble’s 

size.  As the bubble increases in size, so too does the expected loss to investors.  

Eventually, speculators see that the expected gain from investing in the asset is no longer 

positive (based on their assumptions about past price changes being indicative of future 

changes).  Therefore Xt becomes negative.  The other effect, Zt, will always be negative for 

any positive deviation of the real interest rate from its neutral level.  The high interest rates 

chosen by both the Sceptic and the Activist lead to high values of Zt and therefore strong 

negative effects on the bubble’s growth.   A decrease in the size of the bubble is therefore 

observed because the combined effects of Xt and Zt are greater than the persistent growth 

from ft. 

The Activist policy in Specification 2 results in lower deviations of the output gap 

from zero, compared to the Sceptic (Figure 2.4.3). Output initially still rises as the bubble 

grows, but due to the Activist setting a higher interest rate this deviation is not as large as in 

the Sceptic case.  Subsequently these effects are mirrored in the effect on inflation, with the 

Activist experiencing lower inflation than the Sceptic (Figure 2.4.4). 
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A long run (50 periods) simulation of model specification 2 (persistent ft) is not presented 

since a policymaker would be unlikely to encounter a bubble with such long term persistent 

growth.  The exogenously determined persistent growth of the bubble would continue 

throughout the simulation, with the Activist attempting to offset its growth by continuing to 

raise the interest rate.  

  



 

64 

 

 

2.8 Conclusion 

What these results illustrate is that, in the case of limited fundamental growth, the ‘leaning 

against the wind’ strategy of the Activist can help to reduce the size of the bubble compared 

to the Sceptic policy; thereby reducing the potential shock to the economy should the 

bubble burst.  The LATW policy of the Activist also reduces deviations in output caused by 

the bubble, and the variance of output is therefore smaller compared to output under the 

Sceptic’s policy. 

In the case of persistent fundamental growth the LATW policy still outperforms that 

of the Sceptic: under Activist policy, the bubble does not become as large and deviations in 

output are reduced when compared to the Sceptic’s results.  The downside to the LATW 

policy of the Activist is that in both cases, interest rates are initially higher than those of the 

Sceptic.  This does not appear to be a significant problem as they occur when the output 

gap is trending upwards.  The higher interest rates during the initial periods of the bubble’s 

growth partly offset the bubble’s effect on the output gap and do not cause the output gap to 

become negative.   

The results are promising since they provide some support for LATW as a way of 

responding to asset price bubbles.  LATW outperforms the policy of not responding to 

bubbles in every simulation.  The key point is that even though the Activist simply 

observes At, ‘leaning against the wind’ is still the optimal policy.  The Activist is unaware 

of the mechanics of the bubble - which part is composed of fundamental growth, which part 

is speculative and its stochastic properties - yet the macroeconomic outcome is better than 

that of the Sceptic’s policy.  
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This is in contrast to the GPS simulations where all the information about the bubble’s 

behaviour was required for the Activist to set policy.  Even with all the information 

afforded to the Activist in GPS’s original paper it was not clear that reacting to asset 

bubbles should be attempted.  This chapter shows that, by under a number of different 

assumptions, in most cases the Activist will outperform the Sceptic.  In addition, this 

chapter shows that the information requirement for a central banker to effectively react to 

asset price bubbles need not be so high as in GPS.  
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2.9 Alternative Inflation Processes 

It is worth considering how the results of the models presented in Chapters 2 and 3 may 

change if an alternative method of modelling the inflation process was implemented.  The 

inflation process used in Chapters 2 and 3, equation 2.2, is backward looking, implying that 

past inflation is related to future inflation.  An alternative would be to consider a forward 

looking New Keynesian inflation process where the expectation of future inflation is a 

determinant in the level of current inflation.  Such a model assumes that firms have rational 

expectations and are able to set prices based on their expectations of future inflation.  

However, only a proportion of firms are allowed to change prices at any time – the Calvo 

pricing method – so firms set prices according to a weighted average of the prices they 

would have expected to set in the future if there were no price rigidities.  The optimal price 

that firms would like to set is determined by a mark-up over their marginal cost.   

Where marginal cost is: 

    [2.14] 

And the output gap is defined as: 

           [2.15] 

 

Therefore the inflation process is determined by the expectation of future inflation and the 

difference between the current price level and firms’ optimal price level. 

	    [2.16] 
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It is often more useful to consider the output gap rather than individual firms marginal 

costs, thus yielding the New-Keynesian Phillips curve below:  

	    [2.17] 

Where    	  

Since all output is consumed  	   and there is perfect competition in labour markets, 

 

 

 

 

 

The New Keynesian Phillips curve described by equation 2.17 can be modified to include 

backward as well as forward looking firms to form a hybrid inflation model.  The Calvo 

pricing assumption is altered to allow 2 types of firm to exist within the model.  Whilst 

some firms consider expected future inflation when setting prices a proportion of firms will 

use a backward looking ‘rule of thumb’ to set prices.  The result is a hybrid Phillips curve 

that includes both forward and backward looking components in the inflation process.  

Such a curve may take the form of equation 2.18 below. 

 

	     [2.18] 

 

Having outlined possible alternatives which could be used to model the inflation process it 

is now possible to discuss the implications of adopting these alternatives with respect to the 

results obtained in Chapters 2 and 3.  In doing so let us restate the assumption that agents 
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within the economy know what type of policymaker (Activist or Sceptic) is responsible for 

monetary policy decisions.  Agents within the economy know that the Activist will react to 

the asset price bubble, whilst the sceptic will not.  This reaction will decrease the size of the 

bubble relative to the Sceptic’s policy thus reducing the inflationary pressure on the 

economy.  This reaction will reduce the forward looking component of inflation since 

agents expect a reactionary policy and in addition will reduce the backward looking 

component of inflation as the Activist’s policies lead to the economy experiencing lower 

inflation throughout the lifetime of the bubble.  In addition, speculators are aware of the 

reaction of the Activist and this will reduce the effect of speculation on the bubbles growth, 

thereby leading to a decrease in the speculative component of the bubble’s growth. 

In the case of the Sceptic determining policy it is likely that using a forward looking 

only method of modelling the inflation process would lead to a worse outcome than when 

using the backward looking process, equation 2.2.  The reasoning is that as the bubble 

begins to grow and exerts inflationary pressure on the economy agents are aware that the 

sceptic will not react to asset prices and therefore their expectations of future inflation are 

greater than those under an Activist regime.  Furthermore, speculators also know that the 

central bank will not react to increases in asset prices, thus fuelling the growth of the 

bubble and leading to greater inflation.  If a hybrid model was used then the outcome under 

the Sceptic policymaker is again expected to be worse than if using equation 2.2.  This 

would occur since there would be no reaction to the inflationary pressure created by the 

bubble and subsequently inflation would increase through both the forward looking 

component and the backward looking component.  Therefore, even with these alternative 
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methods of modelling the inflation process the Activist is expected to outperform the 

Sceptic in terms of a reduction in total loss as per equation 2.6. 
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Figure 2.1: Gruen, Plumb and Stone Results 
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Figure 2.2.1: Real Interest rate (Non‐Persistent ft, 11 periods) 
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Figure 2.2.2: Size of Bubble (Non‐Persistent ft, 11 periods) 
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Figure 2.2.3: Output Gap (Non‐Persistent ft, 11 periods) 
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Figure 2.2.4: Inflation (Non‐Persistent ft, 11 periods) 
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Figure 2.3.1: Real Interest rate (Non‐Persistent ft, 50 periods) 
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Figure 2.3.2: Size of Bubble (Non‐Persistent ft, 50 periods) 
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Figure 2.3.3: Output Gap (Non‐Persistent ft, 50 periods) 
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Figure 2.3.4: Inflation (Non‐Persistent ft, 50 periods) 
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Figure 2.4.1: Real Interest rate (Persistent ft, 11 periods) 
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Figure 2.4.2: Bubble Size (Persistent ft, 11 periods) 
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Figure 2.4.3: Output Gap (Persistent ft, 11 periods) 
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Figure 2.4.4: Inflation (Persistent ft, 11 periods) 
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2.10 Appendix: Taylor Rule IFF Analysis 

For comparison the simulations for the non-persistent/persistent bubbles were also 

conducted with the Activist following the Modified Taylor Rule but reacting equally to 

positive and negative changes in At.  Table 2.1 shows a comparison of results obtained by 

simulation 1 (non-persistent ft) with a normal Activist and an Activist that reacts to ΔAt if 

and only if, ΔAt is positive (hereafter referred to as the IFF Activist for simplicity). 

Initially both Activists set interest rates identical to each other, as can be seen in the 

first part of Table 2.1.  This occurs at the start of the bubble’s life and is because ΔAt is 

positive throughout this section.  Since the choice of interest rate is identical for both 

Activists, the effect of monetary policy on the path of the bubble is also identical.  

Therefore during these periods, the path of the bubble and the economy are the same for 

both Activists. 

However, as section 2 shows, once ΔAt turns negative the paths of the interest rate 

begin to diverge.  The interest rate chosen by the IFF Activist is higher than that of the 

normal Activist.  There is only a small difference in rt for each Activist, but it is a 

difference nonetheless.  As the Activists set different interest rates the bubble is affected 

differently and therefore follows a different path in each case. 

The behaviour of the IFF Activist is consistent with a central banker ‘leaning 

against the wind.’  The intuition is that if the bubble still exists, it would not be logical to 

ease policy as soon as the bubble begins to grow smaller, if using a LATW policy.  I 

therefore decided that the results obtained from using the IFF Activist method of 

calculating policy should be presented. 
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Table 2.1: Comparison of Activist Taylor Rules 

 

Periods 
Activist reacting to positive 

and 
IFF Activist reacting to 

positive  

   negative ∆At   ∆At only 

   At  ∆At rt  At  ∆At rt 

0 0  0 0 0  0  0

1  1 1 1.0950 1 1 1.0950

2  1.9265 0.9265 1.7472 1.9265 0.9265 1.7472

3  2.8555 0.9290 2.5471 2.8555 0.9290 2.5471

4 3.7585 0.9031 3.3653 3.7585 0.9031 3.3653

5  4.6285 0.8700 4.1747 4.6285 0.8700 4.1747

6  4.4624  ‐0.1661 3.8614 4.4624  ‐0.1661  3.9113

7  4.1442  ‐0.3182 3.7476 4.1345  ‐0.3280  3.8080

8 3.6276  ‐0.5166 3.3408 3.6047  ‐0.5298  3.4092

9  2.9414  ‐0.6861 2.7371 2.9020  ‐0.7027  2.7879

10  2.1054  ‐0.8361 1.9709 2.0506  ‐0.8515  1.9967

11  1.1364  ‐0.9690 1.0710 1.0689  ‐0.9817  1.0720

12 0.2388  ‐0.8976 0.2666 0.1616  ‐0.9073  0.1896
 

For periods 0 to 5, note that At and ΔAt are the same, for both policymakers, hence rt is the 

same.  From period 6 onwards, ΔAt turns negative, so IFF Activist no longer reacts to ΔAt.

  

IFF Activist interest rate is higher from period 6 onwards since other Activist eases policy. 

At, is lower from period 6 onwards under IFF Activist, since the interest rate is higher. 
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Chapter 3: Model Simulation in a Stochastic Framework 

3.1 Introduction 

One of the key aspects of the model from the previous chapter, that is different from Gruen 

Plemb and Stone (2005), is that the Activist policymaker does not need to know about the 

full properties and dynamics of the asset price bubble.  He only needs to have a reasonable 

assumption that a bubble is present.   This approach is different from Kontonikas and 

Montagnoli (2006) as the policymaker does not know the effect of the asset price bubble on 

output.  Kontonikas and Montagnoli examine if there is any underlying theoretical 

motivation for including a response to asset prices within an augmented Taylor rule.  A 

crucial element of their approach is that they allow the monetary authority to have full 

information in regards to the effect of asset price fluctuations on output.  As such, they 

derive an optimal Taylor rule, taking account of the effect of asset price increases on output 

and thereby show that asset price misalignments should be included in the central bank’s 

monetary policy rule.  They show that optimal monetary policy should respond to asset 

price increases if those increases are explained by increases in the assets non-fundamental 

component. The magnitude of the response by the monetary authority depends on the size 

of the wealth effect of the asset price increase on aggregate demand.   If the increases are 

caused only by changes in the fundamentals of the asset price then monetary policy should 

not respond and instead should simply accommodate the boom in asset prices.  
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Nevertheless without the key information about the degree to which the asset price bubble 

affects output an optimal Taylor rule cannot be constructed.   However, the approach 

adopted in this thesis is a much closer representation of a ‘leaning against the wind’ policy 

due to the lack of full information on the part of the policymaker.  In this regard the 

approach presented here is closer to that of Ceccetti et al. in that the augmented Taylor rule 

allows the policymaker to react in a way that is different to if they were only responding to 

deviations in output and inflation.   

It can be seen from the previous chapter that there are some advantages to the 

Activist’s policy when the model setup is deterministic:  The Activist can achieve better 

outcomes for inflation, output and size of the bubble than the Sceptic.  In this chapter the 

model is altered so that one of the key determinants of the bubbles path, fundamental 

growth, is now stochastic.  Rather than a fixed exogenous value, as was the case in the 

above chapter, ft will now take the value of a random shock each period.  The values of ft 

are generated for the required number of iterations and recorded so that both the Activist 

and the Sceptic experience the same values of ft for a given iteration. As such the 

policymakers now encounter a bubble with many varied paths i.e. the bubble will no longer 

automatically rapidly grow then collapse as one might expect.  The dynamics of the bubble 

still follow behavioural feedback rules similar to those discussed by Schiller (2001), 

Mishkin (2008) and Hong and Stein(1999) where successive rises in asset prices can lead 

investors to believe that these rises will continue, thereby forming an asset price bubble.  It 

should be noted that the Activist policymaker still does not know about the dynamic 

behaviour of the bubble or its particular stochastic properties.  In this regard the approach 

taken moves closer to modelling the problem of imperfect information that real world 
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policymakers face.  This information problem is not neccesarily an impediment to adopting 

a policy of ‘leaning against the wind’ as Wadwhani (2008) suggests that the informational 

requirements in using a monetary policy rule are not dissimilar to those required when 

implementing LATW. 

The results in this chapter are obtained by conducting additional simulations whilst 

subjecting the model to random shocks through the ft component.  These simulations run 

for a greater number of periods and are repeated 100 times.  Once the simulations are 

complete it can be determined if one policymaker outperforms the other having both 

experienced the same shocks to the bubble paths. This way a valid comparison between the 

two policymakers can be made.  The goal of this chapter is therefore to determine if the 

results of the previous chapter hold when ft is no longer a fixed exogenous variable.   

The results presented later in this chapter show that despite the addition of a 

stochastic element to the behaviour of the bubble the Activist policymaker can still 

outperform the Sceptic.  This effect can be seen in terms of the size of the asset price 

bubble, deviations to output and inflation and the calculation of the loss function for each 

central banker under different model specifications.  
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3.2 Method of Simulation and Changes to the Model  

The model remains essentially unchanged from the previous chapter. The only change 

comes from the model variable ft no longer being constant throughout the lifetime of the 

bubble.  As such ft is now of the following form: 

 

ft = positive constant +  random error  

 

The random error, e, is drawn from the standard normal distribution (using the MatLab 

command randn), with mean c and variance v2. 

 

Therefore: 

 

 ft = v.e + c ~ N (c, v2)   [3.1] 

 

The values of v and c change based on the model specification.  A list of those values and 

of the other variables used in each model specification can be seen in Table 3.1. 

Due to the high number of calculations it was no longer suitable to use Microsoft 

Excel.  Instead the simulations were conducted using the computer software program 

Matlab.  This was chosen for its high speed in calculating the large numbers of simulations 

required and provides a straightforward means of performing statistical analysis of the 

various simulations.  Since MatLab is a programming language it was necessary to write a 

program that would perform the multiple iterations required for simulating a given model 

specification in a quick and efficient manner.  Once these simulations were conducted it 
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was possible to extract summary statistical data for each of the variables and these can be 

seen in Table 3.2 

In the simulations it is important that, for a given model specification, the values of 

ft experienced by each policymaker are the same.  As such the first thing calculated was a 

matrix of values for ft.  This matrix was constructed by drawing the stochastic error terms 

to produce enough values for 65 periods and 100 iterations.  By using the same matrix of ft 

for both policymakers they would be reacting to the same shocks.  Once the shocks were 

determined the actual simulations were conducted in the same deterministic manner, albeit 

this time 100 iterations were calculated simultaneously. 

  



 

90 

 

 

3.3 Results of Simulations 

We now turn to the results of the model simulations.  For each set of calibration parameters 

graphs are displayed for the size of the bubble, the real interest rate (deviation from neutral 

level), output, inflation, and the effect of speculation, Xt.   Each period the values from all 

simulation iterations (1-100) are displayed, for both policymakers.  The values for each 

variable under the Activist are displayed as a red x, while those of the Sceptic are shown as 

a blue +.10  The trend lines are also shown for both policymakers.  The Activist’s trend line 

is a solid black line and the Sceptic’s a solid green line.  In some instances, due to the 

number of iterations, there is a great deal of overlap between the values of variables under 

the Sceptic and Activist.  As such it can be difficult to draw any strong conclusions from 

the symbols alone.  Conversely though, for some variables, despite the large number of 

iterations, a distinct pattern can be seen.  The individual results will now be examined.     

The results from the simulations where ft has a random component are now 

presented.  Two special cases will be discussed in detail to explain the dynamics within the 

model, before moving on to other results.  It is first necessary to establish a baseline model 

before making changes to the model parameters.  Model specification 1 was constructed as 

the baseline model and it has similar parameter values to the baseline of Chapter 2.  The 

main difference this time is that ft now contains a stochastic element. Model 1 is 

representative of a situation where a policymaker has a small reaction to the bubble and this 

in turn has a small effect on the bubble itself.  Model specification 2 is similar to model 1 

but includes a stronger reaction to the bubble and that reaction has a stronger effect.  These 

                                                 

10 These symbols were chosen to make it easier to see data points that overlap i.e. data points that are the same 
for both the Activist and Sceptic. 
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2 cases essentially illustrate opposite ends of the spectrum in terms of the interaction 

between reactionary policy and the effects of that policy – from mild reaction and effect to 

strong reaction and effect.  Later this thesis will examine the effects of single and multiple 

changes to the parameters, including increasing the response to the bubble and the size of 

the error term.  First, though, let us examine the simple case of the baseline model 

specification 1 where the only difference to the baseline of Chapter 1 is the stochastic form 

of ft.   

 

3.3.1 Model Specification 1: Baseline Case 

 

The graphs displaying the results of model specification 1 can be seen in Figures 3.1.1 to 

3.1.5.  For this simulation the parameters were chosen as follows: 

 

No. of periods   65 

No. of iterations 100 

 

The values of the parameters above are for the baseline case.  The Activist moderately 

responds to the bubble and the effect on the bubble is small.   

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.3 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.3 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.1 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.1 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

2.9

2.9

2.8

2.8

3.1

3.1

Reference  Equation 

2.1

2.9

2.15

2.15

2.13
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Bubble:  Figure 3.1.1 shows that there is a large area of overlap between the size of 

the bubble under the Sceptic and Activist.  This is more evident in the early stages of the 

bubble’s life, since the sizes of the Activist’s and Sceptic’s bubbles’ are not very varied.  

As the bubble continues to develop there is a much greater variation in bubble size.  It also 

appears that the peaks of the bubble are higher under the Sceptic, as indicated by a number 

of blue + outliers.  Likewise the troughs of the bubble follow this pattern, indicating that 

there are cases when the bubble is smaller under the Sceptic.  When looking at the trend 

line it can be seen that initially the bubble is lower under the Activist (when the bubble is 

growing) and is slightly larger when the bubble is decreasing in size.  Overall, the bubble 

reaches its largest size under the Sceptic. 

Interest rate: In Figure 3.1.2, there is a large amount of overlap in the interest rates 

of both policymakers.  At times, the interest rate of the Sceptic is much higher than the 

Activist’s.  This coincides with periods when the Sceptic bubble is larger than the Activist 

bubble.  At these times the Sceptic would have to increase the interest rate to offset the 

larger bubble’s effect on output. 

Output:  Figure 3.1.3 shows some degree of overlap in output under the two 

monetary policy regimes.  Nevertheless, although there is an overlap, a pattern can be seen 

in the data.  It appears that the Activist experiences less variation in output during the 

simulation.  This is evident in that the Sceptic experiences greater peaks and troughs of 

output.  Overall, output is more stable under the Activist.  

Inflation: Figure 3.1.4, in contrast to previous graphs, displays only a very small 

amount of overlap between the two policymakers.  Both policymakers experience variation 

in inflation throughout the bubble’s lifetime but there is greater variation in inflation under 
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the Sceptics regime.  Furthermore, when looking at the data plots and the trend line it 

appears that, for the most part, inflation is lower under the Activist. 

Speculation (Xt):  There is a large degree of overlap of Xt in Figure 3.1.5.  This indicates 

that there are only small differences in Xt between policy regimes.  The trend and data do 

show that there is greater variation in Xt under the Sceptic.  The difference is only small, 

but it does show that the Activist is able to reduce the variation in speculation compared to 

the Sceptic.  This subtle variation contributes to differences in the size of the bubble under 

the different regimes and subsequently to differences in output and inflation. 

 

3.3.2 Model Specification 2: Increasing the Activist’s Response and effect on bubble 

 

The second set of results from the simulations where ft has a random component are now 

discussed.  The graphs displaying these results can be seen in Figures 3.2.1 to 3.2.5.  This 

time the degree to which the Activist responds to both the change in and the level of the 

asset price bubble has been increased.  The Activist will now increase interest rates more 

than in the previous simulation, for a given level of or change in the bubble.  The changes 

were made to represent an Activist policy maker who is now much more strongly ‘leaning 

against the wind’. In addition to the Activist having a stronger reaction to the bubble, the 

effect of the interest rate on the bubble has been increased.  Now in this simulation the 

policymaker is not only increasing his reaction to the bubble, his actions are also having a 

greater effect on the bubble. 

 

 

 



 

94 

 

 

The parameters for the simulation of model specification 2 where chosen as follows: 

 

No. of periods   65 

No. of iterations 100 

 

The Activist is now more strongly reacting to the bubble, as ρ and ω have now increased 

from 0.3 to 0.5.   The effect on the bubble is increased as Ф is increase from -0.1 to -0.5. 

All other terms are unchanged from the baseline model 1. 

Bubble: In Figure 3.2.1 there is far less overlap of the bubble than in Figure 3.1.1.  

It appears that for a large number of periods, under the Sceptic policymaker, the bubble is 

much larger than that of the Activist for some periods and lower for others.  It can also be 

seen that there is far less variation in the size of the bubble under the Activist.  The highest 

peaks of the bubbles also occur under the Sceptic.  We can observe that by increasing the 

response to the bubble, the Activist can reduce the maximum size of the bubble and observe 

less variation in bubble size throughout the simulation, compared to Figure 3.1.1. 

Interest rate: In Figure 3.2.3, we again see a large amount of overlap, but can 

observe that there is much less variation in the Activist’s interest rate.  The Activist often 

sets interest rates higher than the sceptic as he reacts to the bubble.  In periods when the 

bubble is growing, the Activist sets the interest rate higher than that of the sceptic.  This 

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.5 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.5 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.1 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.5 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

2.9

2.9

2.9

2.8

2.8

3.1

Reference  Equation 

2.1

3.1

2.15

2.13

2.15
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prevents the bubble from growing as large as it otherwise would have.  Subsequently, since 

the bubble does not grow as large as in the Sceptic’s case, the Activist is able to set the 

interest rate lower than the Sceptic.  Overall, the interest rate chosen by the Activist is far 

less variable than that chosen by the Sceptic.   

Output: Similarly to Figure 3.1.3, we can observe from Figure 3.2.3 that there is a 

difference between output experienced by the Activist and the Sceptic throughout the 

simulation.  The Sceptic experiences volatile cycles of positive and negative deviations in 

output, whilst the Activist experiences a far more stable output path.  The differences 

between the two policymakers’ output paths are more easily observed than in Figure 3.1.3. 

Inflation: In Figure 3.2.4 we see that there is practically no overlap of the values of 

inflation.  The difference between the Activist and Sceptic here is greater than in Figure 

3.1.4.  The Activist experiences both lower and less volatile inflation. 

  Speculation (Xt):  Figure 3.2.5 follows a similar pattern to Figure 3.1.5 albeit that 

the differences between the policymakers’ data points appear greater.  The effects of 

speculation under the Activist are not as great as those experienced by the Sceptic.  There is 

less volatility under the Activist, suggesting that his increased response to the asset price 

bubble in this simulation also serves to reduce the degree of speculation.   

When analysing the results of the simulations of both model specification 1 and 2 it 

can be observed that certain trends occur in the model. 
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These patterns are exhibited in: 

The size of the bubble:  The bubble reaches a greater peak under the Sceptic. 

Variation in output:  Under an Activist policymaker output is less volatile and 

 closer  to the equilibrium output gap. 

Variation in inflation:  Under an Activist policymaker inflation is lower and less  

 volatile. 

It is useful to now describe how these trends arise within the model simulations.  First, as 

the bubble initially grows, there are large positive changes in both At and ΔAt.  These 

changes cause the Activist to set the interest rate at values higher than the Sceptic.  

Although the bubble continues to grow, the higher interest rates curb its growth through 

both the direct effect, Zt and the speculation effect, Xt.  Since, under the Activist, the 

bubble does not grow as large in these early stages, output is not as greatly affected as in 

the Sceptic’s case.  In addition to lowering the effect of the bubble, the higher interest rates 

also affect output directly through the βrt-1 term in equation 2.9.  Intuitively, it helps 

explain what is happening if one thinks how the Activist’s interest rate path would affect 

the economy if the bubble were not present.  The higher interest rate path in such a case 

would reduce overall output in the economy.  However, since the bubble makes a large 

positive contribution to output, overall output still increases when the bubble’s effects are 

included.  The result is lower output, and lower variation in output under the Activist.  

Consequently the difference between the policymakers, with regards to output, feeds 

through to a noticeable difference in inflation via equation 2.10.  Let us now see if these 

patterns are repeated through different model calibrations.  The first change to be tested is 

the size of the error term. 
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3.4 Evaluating the Persistence of Simulation Trends 

From the previous simulations we can observe particular trends in the behaviour of the 

bubble.  Let us now examine the robustness of these trends to single changes in the model 

parameters, compared to the baseline case.  In all following model specifications the 

simulations are conducted over 65 periods and 100 iterations as previously. 

 

3.4.1 Model Specification 3: Increasing the size of the error term 

 

Figures 3.3.1 to 3.3.5 show the results for the bubble, interest rates, output, inflation and 

speculation for model specification 3.  Here, the following calibration of parameters is 

used: 

 

 

For this specification there is a moderate response by the policymaker to the bubble 

but this time the size of the error (v) is increased.  These parameter values are the same as 

model specification 1 (see Table 3.1 for comparisons of model specifications), except that 

the error term in ft has been increased.  By comparing the Figures 3.3.1 to 3.3.5 with the 

earlier Figures 3.1.1 to 3.1.5, it can now be determined if the larger error makes any 

significant difference to the results. 

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.3 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.3 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.5 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.1 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

2.1

2.9

2.9

2.9

2.8

2.8

Reference  Equation 

3.1

3.1

2.15

2.13

2.15
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It can be seen that when a larger error value is used there is a far greater dispersion of data 

points in all the graphs.  As such there is also a large amount of overlap.  However, the 

same patterns in the bubble, interest rates, output and inflation can still be observed.  This is 

confirmed when looking at Table 3.2, which displays summary statistics for all model 

specifications.  The data in Table 3.2 also shows that the trends in bubble size, output and 

inflation hold even when a larger error term is included.  

 

3.4.2 Model Specification 4: Increasing the reaction to the bubble 

 

Figures 3.4.1 to 3.4.5 show results for the model specification 4, where the weights in the 

augmented Taylor rule are now increased compared to specification 1. 

 

The Activist strongly responds to the bubble (increased ρ and ω) but the resulting effect on 

the bubble is small (Ф= - 0.1, as in the baseline, model 1).  All other parameters are as the 

baseline. 

Upon examining the corresponding graphs and Table 3.2 one can compare the effect of 

weaker and stronger policies of ‘leaning against the wind’ (model specifications 1 and 4 

respectively).  It appears that when the reaction to the asset bubble is stronger we see a 

more pronounced difference between the Activist and the Sceptic.  The reason for this is 

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.5 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.5 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.1 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.1 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

2.1

2.9

2.9

2.9

2.8

Reference  Equation 

2.8

3.1

3.1

2.15

2.13

2.15
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that there is a greater change in the interest rate for a given bubble path when the stronger 

policy is employed.  We again see the common patterns in bubble size, output and inflation 

as discussed above. 

Furthermore, we can also compare the ‘weaker’ reacting Activist with the ‘stronger’ 

one.  Comparing these two specifications, it seems that the stronger Activist outperforms 

the weaker one. The bubble does not grow as large under the stronger policy and there is 

lower inflation and less volatility in both output and inflation.  Again, Table 3.2 shows 

further data for these two specifications. 

 

3.4.3 Model Specification 5: Increased effect of  interest rate on bubble  

 

Model specification 5 uses similar parameters to specification 1, except that the coefficient 

determining the effect of the interest rate on the size of the bubble has now been increased.  

These results can be seen in Figures 3.5.1 to 3.5.5   

 

The effect of the interest rate on the bubble is now greater since Ф= - 0.5.  All other 

parameters are the same values as those in the baseline model 1.  A given change of the 

interest rate will therefore have a greater effect on the size of the bubble in specification 5 

compared to specification 1.   

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.3 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.3 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.1 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.5 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

Reference  Equation 

2.1

2.9

2.9

2.9

2.15

2.8

2.8

3.1

3.1

2.15

2.13
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It can be seen that the size of the bubble under both policymakers is lower in Figure 3.5.1 

compared to Figure 3.1.1.  This occurs because the increase in the effect of the interest rate 

on the bubble is not strictly limited to the Activist policymaker.  The changes in interest 

rates chosen by the Sceptic will also have a greater effect.   

Due to the bubble not being as large, output and inflation are similarly reduced 

compared to specification 1.  Likewise, interest rates are not required to be as high as in 

specification 1 since they have a much greater effect on the bubble - the source of the 

deviations in output.  Nevertheless, when comparing both policymakers in Figures 3.5.1 to 

3.5.5 we still see the same trends in output, inflation and the size of the bubble.  It would 

seem then that the size of φ does not disrupt these trends. 
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3.5 Further Model Simulations  

We now turn to model specifications in which multiple changes are made to the model 

parameters.  These simulations were chosen to determine if even with multiple changes to 

the baseline specification the trends already established earlier in the chapters still hold 

true.  These model calibrations generally have 2 major changes when compared to the 

baseline specification. 

 

3.5.1 Model specification 6: Increased reaction, error and interest rate effect on bubble 

 

The changes made in model specification 6 include a larger reaction to both the level of and 

change in size of the bubble, a larger error term and the interest rate affecting the bubble in 

a larger way than the baseline specification 1. The results can be seen in Figures 3.6.1 to 

3.6.5. 

 

 

Bubble Size:   See Figure 3.6.1. In this case, due to the larger error term, the 

potential outcomes of bubble paths are wide ranging.  The reaction of the Activist is 

stronger and more effective due to the increases in the ρ, ω and Ф parameters (Figure 

3.6.2).  As such the Activist has a greater influence on the bubble path in this specification.  

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.5 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.5 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.5 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.5 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

Reference  Equation 

2.1

2.9

2.15

2.13

2.15

2.9

2.9

2.8

2.8

3.1

3.1
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Consequently, when analysing the trend, the bubble reaches a greater peak under the 

Sceptic and the average bubble size is lower under the Activist.  The bubble path is also 

less volatile under the Activist.   

Output:  It can be seen more clearly in (Figure 3.6.3) that as the Activist is able to control 

the volatility of the bubble path; output is less volatile under an Activist policymaker. 

Inflation:  Under an Activist policymaker inflation is lower and less volatile. (Figure 3.6.4) 

 

3.5.2 Model specification 7: Increased error and interest rate effect on bubble 

 

The changes in model specification 7, compared to the baseline model are that the interest 

rate has a greater effect on the bubble, and the size of the error term is greater.  All other 

variables, including the Activist’s reaction, are the same as in model specification 1.  The 

results can be seen in Figures 3.7.1 to 3.7.5. 

 

 

Bubble Size: As in previous specifications the bubble does not reach as great a size 

under the Activist, compared to the Sceptic (Figure 3.7.1).  The bubble in some cases is 

larger under the Activist due to the smoothing effect of responding only to positive changes 

in the bubble as can be seen in other specifications. 

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.3 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.3 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.5 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.5 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

Reference  Equation 

2.1

3.1

2.15

2.13

2.15

2.9

2.9

2.9

2.8

2.8

3.1
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Output:  Output is lower and less volatile under the Activist, since the path of the 

bubble is smoother and does not reach as great a level as experienced under the Sceptic 

(Figure 3.7.3). 

Inflation:  Inflation is lower and less volatile under the Activist (Figure 3.7.4).   

 

 

3.5.3 Model specification 8: Increased reaction and error  

 

The changes in model specification 8, compared to the baseline, include a stronger reaction 

by the Activist to both the level of and changes in the size of the bubble and a larger error 

term.  Although the reaction to the bubble in this case is stronger, the effect of the interest 

rate on the bubble is small, as in the baseline specification.  The results can be seen in 

Figures 3.8.1 to 3.8.5. 

 

 

Bubble Size: In this case, although the Activist reacts strongly to the bubble, the 

effect of the interest rate on the bubble is small.  This results in the bubble paths of both 

Activist and Sceptic being fairly similar.  Although similar, the trends observed in previous 

Symbol Value Description of coefficient

α 0.4 Effect of lagged output on inflation

β  0.5 Effect of lagged interest rate on output

λ  0.8 Effect of lagged output on output 

τ 0.4 Degree to which the asset price bubble affects output

ρ 0.5 Degree to which Activist raises interest rates in respone to the level of the bubble

ω 0.5 Degree to which Activist raises interest rates in respone to the change in the size of the bubble

c 0.3 Connstant component of stochastic fundamental growth

v 0.5 Standard deviation of error component of stochastic fundamental growth

θ 1 Control for speculation effect

φ ‐0.1 Effect of interest rate changes on bubble

pe 0.005 Speculators' expected value of the probability of the bubble bursting

Reference  Equation 

3.1

3.1

2.15

2.13

2.15

2.1

2.9

2.9

2.9

2.8

2.8
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specifications – that the bubble does not reach as high a level and is less volatile under the 

Activist – still hold (Figure 3.8.1) 

Output:  Output under the Activist is less volatile, generally lower and is closer to 

equilibrium levels (Figure 3.8.3). 

Inflation:  The policy of the Activist results in lower and less volatile inflation (Figure 

3.8.4). 
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3.6 Analysis and Conclusion 

In analysing the results of the simulations it is important to determine what economic 

outcomes are most important to policymakers.   In light of the recent financial crisis and 

past observations of bubbles collapsing it is important to appreciate the significant damage 

a bubble collapsing can have on an economy. Greenspan (1999) suggests central banks 

should “mitigate the fallout when it occurs” but due to the associated issues with moral 

hazard in that situation it is more often the case that policymakers would like to avoid the 

situation of bubbles forming in the first place.  In this model, since both policymakers 

would use the standard Taylor Rule during a post-crash recovery then both policymakers 

are equally effective at recovering from a crash.  Furthermore, the model is not designed in 

such a way as to sufficiently model a recovery from a severe recession caused by an asset 

price bubble bursting since the effects of unconventional monetary policy such as 

quantitative easing are not included.  Instead, one way of assessing the effectiveness of the 

policymakers is to look at the size of the bubble over the course of the simulations, since 

the size of the bubble is often directly related to the size of the damage caused to the 

economy when it bursts.  Therefore a key aspect of assessing the performance of the 

policymakers is the peak size of the bubble and the average size of the bubble under their 

policy regimes.  As such a policy of ‘leaning against the wind’ can be considered effective 

if it is successful in reducing the size of the bubble relative to other policy stances. 

The results of the simulations show that when monetary policy is determined by an 

Activist policymaker, the bubble does not grow to as large a size as would be experienced 

under the Sceptic.  In addition, the average bubble size is lower under the Activist.  These 

trends are advantageous since the largest crash the Activist policymaker would experience 
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would be less than the largest crash the Sceptic could experience.  There is however a 

trade-off:  When following the Activist’s policy, the bubble is often smaller under the 

Activist, but this is not always the case.  For example, as the bubble reaches a peak and 

begins to decrease in size the Activist’s real interest rate will also decrease.  This has the 

effect of reducing the rate at which the bubble decreases in size.  As such, the Sceptic 

experiences far greater growth and decline in the path of the bubble.  This results in less 

volatility in the path of the bubble under the Activist.   

In addition to the Activist policymaker’s preferences to reduce the growth and size 

of the bubble, both policymakers dislike deviations in output and inflation, in either 

direction, as outlined in the loss function from Chapter 2 (equation 2.6).  As such, the 

relative performance of the two policymakers can be compared by considering the loss 

function, alongside alternative welfare measures.  These results can be seen in Table 3.2.  

The results when considering the loss function serve to reinforce the points already made 

with regards to trends observed within the results as the average loss under the Activist is 

always lower than the Sceptic for the model specifications presented.  Equally, when 

considering the alternative welfare measures it can again be seen that the resulting loss is 

lower under the Activist policymaker.   
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However, one of the main criticisms of policymakers reacting to asset price bubbles is that 

in following such a policy a central bank may actually destabilize output and inflation: The 

intuition being that any policy that would intentionally “prick” the bubble would require the 

real interest rate to be increased so much that it would have a significant negative effect on 

output. Assenmacher-Wesche and Gerlach (2010) highlight this point and suggest that even 

a mild response to asset prices may have large negative effects on real economic activity 

and output. This criticism carries more weight when the proposed policy is targeting asset 

prices.  A policy of ‘leaning against the wind’ – represented by the Activist policymaker 

simulated in this model - is not considered to be targeting asset prices, but merely reacting 

to them.  The results presented in Table 3.2 provide evidence to suggest that the reaction of 

the Activist to the asset bubble has a stabilizing effect on output and inflation rather than a 

destabilising effect contrary to the suggestion of Assenmacher-Wesche and Gerlach   With 

the objective of minimising deviations in output and inflation in mind, the interest rate 

changes of the Activist are small and are not an attempt to burst the bubble.  Nevertheless, 

in evaluating the policymakers’ effectiveness it is important to examine the behaviour of 

output and inflation under each policy regime in order to determine whether the Activist’s 

or Sceptic’s policy is preferred.  

One of the most significant observations is that an economy under an Activist 

policymaker experiences lower inflation and lower volatility in both output and inflation.  

These results are of interest since they demonstrate that reacting to asset price bubbles, in 

this model, does not necessarily adversely affect output and inflation.  There is a reduction 

in output and inflation, but not so devastating as suggested by Assenmacher-Wesche and 



 

108 

 

 

Gerlach.  In fact, the data shows that these key variables are improved under the Activist’s 

policy, compared to the sceptic. 

Overall, given the conditions of this model, one can conclude that the trends in the 

bubble’s size, output and inflation support the idea that the Activist’s policy of ‘leaning 

against the wind’ is preferable.  We can observe from the results that there does indeed 

seem to be a significant difference between an economy under an Activist policymaker and 

one under Sceptic control.  The trends observed in the first model specification are found 

consistently throughout every model specification tested in Chapter 3.  The trends are: 

Bubble size: The bubble reaches a greater peak under the Sceptic and the average 

 bubble size is lower under the Activist.  The downward motion of the bubble is 

 slower, resulting in a smoother bubble path.  This is in contrast to Gali (2014) who 

 suggests that increasing interest rates is likely to increase the bubble component in 

 asset prices.  Although the model here is different to Gali, it is important to note that 

 this thesis provides evidence to suggest that increases in the interest rate can serve 

 to reduce the size of asset price bubbles.  

Output:  Under an Activist policymaker output is less volatile and is closer to 

 equilibrium output (output gap =0) 

Inflation:  Under an Activist policymaker inflation is lower and less volatile 

In addition, it is important to recognise that the degree to which the Activist ‘leans against 

the wind’ (the values of ρ and ω in the augmented Taylor rule) is important in this model. It 

can be seen from results above that if the Activist increases the degree to which he ‘leans 

against the wind’ then performance is improved.  However, beyond a certain point 
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performance will deteriorate.11 The degree to which the policymaker reacts should depend 

on the degree to which the asset price bubble is affected by the interest rate and the degree 

to which the asset price bubble affects output.  However, as Mishkin(2008) points out these 

factors are difficult to determine as we “do not know the effects of monetary policy on asset 

price bubbles”.   Nevertheless, setting such high values of ρ and ω would fall under the 

criticism of ‘targeting’ asset prices, outlined above, as such a strong reaction would be an 

attempt to ‘prick’ the bubble, or at the very least, to significantly alter the path of the 

bubble.  In addition, the Activist does not know the value of φ, but this is not an obstacle in 

outperforming the sceptic.  If φ is unrealistically large then the bubble would be extremely 

sensitive to changes in the interest rate and, in such a case, even the standard Taylor rule 

would cause erratic variations in the path of the bubble.  However such fluctuations are not 

consistent with observations of bubble behaviour so the values chosen in the simulations 

for φ are appropriate.   

 

 

                                                 

11 This was discovered in early simulations testing model calibration, but these results are not presented here. 
For example, if ρ and ω are both set at 0.9 or higher, and A1=1, the higher interest rate will completely offset 
the bubble’s effect on output, causing a negative output gap for several successive periods. 
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Figure 3.1.1: Model Specification 1  
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Figure 3.1.2: Model Specification 1  
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Figure 3.1.3: Model Specification 1 
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Figure 3.1.4: Model Specification 1 
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Figure 3.1.5: Model Specification 1
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Figure 3.2.1: Model Specification 2 
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Figure 3.2.2: Model Specification 2 
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Figure 3.2.3: Model Specification 2 
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Figure 3.2.4: Model Specification 2 
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Figure 3.2.5: Model Specification 2 
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Figure 3.3.1 Model Specification 3 
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Figure 3.3.2 Model Specification 3 

 
 
 



 

111 

 

 

 
Figure 3.3.3: Model Specification 3 

 

 



 

112 

 

 

Figure 3.3.4: Model Specification 3 
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Figure 3.3.5: Model Specification 3 
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Figure 3.4.1: Model Specification 4 
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Figure 3.4.2: Model Specification 4 
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Figure 3.4.3: Model Specification 4 
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Figure 3.4.4: Model Specification 4 
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Figure 3.4.5: Model Specification 4 
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Figure 3.5.1: Model Specification 5 
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Figure 3.5.2: Model Specification 5 
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Figure 3.5.3: Model Specification 5 
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Figure 3.5.4: Model Specification 5 
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Figure 3.5.5: Model Specification 5 
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Figure 3.6.1: Model Specification 6 
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Figure 3.6.2: Model Specification 6 
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Figure 3.6.3: Model Specification 6 
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Figure 3.6.4: Model Specification 6 
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Figure 3.6.5: Model Specification 6 
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Figure 3.7.1: Model Specification 7 
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Figure 3.7.2: Model Specification 7 
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Figure 3.7.3: Model Specification 7 
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Figure 3.7.4: Model Specification 7 
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Figure 3.7.5: Model Specification 7 
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Figure 3.8.1: Model Specification 8 
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Figure 3.8.2: Model Specification 8 
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Figure 3.8.3: Model Specification 8 
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Figure 3.8.4: Model Specification 8 
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Figure 3.8.5: Model Specification 8 
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Table 3.1: Model Specifications 

 
 
 

Parameter        
Model 
Specification       

Values  1 2 3 4 5  6 7 8

α  0.4 0.4 0.4 0.4 0.4  0.4 0.4 0.4

β  0.5 0.5 0.5 0.5 0.5  0.5 0.5 0.5

λ  0.8 0.8 0.8 0.8 0.8  0.8 0.8 0.8

τ  0.4 0.4 0.4 0.4 0.4  0.4 0.4 0.4

ρ  0.3 0.5 0.3 0.5 0.3  0.5 0.3 0.5

ω  0.3 0.5 0.3 0.5 0.3  0.5 0.3 0.5

θ  1 1 1 1 1  1 1 1

φ  ‐0.1 ‐0.5 ‐0.1 ‐0.1 ‐0.5  ‐0.5 ‐0.5 ‐0.1

c  0.3 0.3 0.3 0.3 0.3  0.3 0.3 0.3

v  0.1 0.1 0.5 0.1 0.1  0.5 0.5 0.5

pe  0.05 0.05 0.05 0.05 0.05  0.05 0.05 0.05
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Table 3.2: Loss Function Calculations from Simulations 

 

                             

Loss Function  Sum of Variance of  Sum of Variance of 

(Average Value)  Output and Inflation  Output, Inflation 

                     and Asset Price 

Model      Sceptic  Activist     Sceptic  Activist     Sceptic  Activist 

1  373.026 137.769 1.294 0.445  2.358 1.401

2  30.910 3.319 0.096 0.010  0.182 0.070

3  644.277 217.817 4.782 1.567  9.580 5.655

4  369.216 46.057 1.274 0.142  2.320 1.034

5  30.910 10.621 0.096 0.028  0.182 0.093

6  75.481 6.294 0.738 0.079  1.638 0.550

7  75.630 6.610 0.732 0.084  1.635 0.575

8  587.925 61.395 4.554 0.491  9.158 4.051

                       

 

 

The table above displays the total loss and alternative welfare measures for each policymaker across all 8 model specifications 

The calculated values for the Loss Function (Average Value) as per equation 2.6, are shown in columns 1 and 2. 

The 3rd and 4th columns contain a simple calculation of the sum of the variance of output and the variance of inflation, taken from Table 3.3 

The 4th and 5th columns show the sum of the variance of output, variance of inflation and variance of the asset price, again calculated from Table 3.3 
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Table 3.3: Summary Statistics from Simulations 

Model Specification  1     2   3   4   5    6   7   8  

Policymaker  Act  Sce  Act Sce Act Sce Act Sce Act  Sce Act Sce Act Sce Act Sce 

      Amax  3.684  3.825  1.037  1.196  6.004  6.299  3.572  3.801  1.084  1.196  2.183  2.705  2.230  2.709  5.620  6.088 

      Amean  2.119  2.121  0.616  0.622  2.176  2.178  2.109  2.113  0.618  0.622  0.605  0.613  0.614  0.624  2.053  2.054 

Bubble  Amin  0.000  0.000  0.000  ‐0.005  ‐1.257  ‐1.546  0.000  0.000  0.000  ‐0.005  ‐0.894  ‐1.448  ‐0.869  ‐1.390  ‐1.145  ‐1.575 

      Asd  0.973  1.025  0.244  0.292  1.957  2.112  0.940  1.016  0.255  0.292  0.678  0.929  0.693  0.934  1.817  2.056 

      Avar  0.956  1.064  0.060  0.086  4.088  4.798  0.892  1.046  0.065  0.086  0.471  0.900  0.491  0.903  3.560  4.604 

      ymax  0.542  0.919  0.152  0.429  1.081  1.824  0.320  0.922  0.227  0.429  0.535  1.211  0.554  1.231  0.726  1.805 

      ymean  0.047  0.074  0.008  0.024  0.044  0.073  0.028  0.074  0.014  0.024  0.004  0.023  0.005  0.027  0.024  0.072 

Output  ymin  ‐0.354  ‐0.624  ‐0.108  ‐0.288  ‐1.096  ‐1.793  ‐0.213  ‐0.599  ‐0.143  ‐0.288  ‐0.530  ‐1.235  ‐0.547  ‐1.239  ‐0.721  ‐1.724 

      ysd  0.223  0.398  0.053  0.159  0.519  0.908  0.125  0.393  0.077  0.159  0.218  0.556  0.225  0.557  0.318  0.887 

      yvar  0.051  0.163  0.003  0.026  0.290  0.897  0.016  0.159  0.006  0.026  0.048  0.328  0.051  0.325  0.107  0.865 

      πmax  2.156  3.621  0.305  0.982  3.219  5.562  1.230  3.596  0.548  0.982  0.487  1.876  0.490  1.887  1.726  5.331 

      πmean  1.235  2.010  0.195  0.588  1.221  2.071  0.718  2.002  0.351  0.588  0.099  0.579  0.096  0.585  0.613  1.944 

Inflation  πmin  0.000  0.000  0.000  0.000  ‐0.530  ‐0.961  0.000  0.000  0.000  0.000  ‐0.269  ‐0.594  ‐0.280  ‐0.587  ‐0.359  ‐0.968 

      πsd  0.625  1.059  0.082  0.265  1.094  1.904  0.354  1.051  0.149  0.265  0.172  0.624  0.177  0.626  0.594  1.841 

      πvar  0.394  1.131  0.007  0.070  1.277  3.885  0.126  1.115  0.022  0.070  0.031  0.410  0.033  0.407  0.384  3.689 

      rmax  2.993  3.114  0.928  0.951  4.946  5.022  2.927  3.097  0.890  0.951  2.239  2.035  2.285  2.033  4.840  4.849 

      rmean  1.701  1.690  0.497  0.496  1.748  1.738  1.701  1.683  0.497  0.496  0.491  0.489  0.497  0.497  1.658  1.634 

Interest   rmin  0.000  0.000  0.000  ‐0.003  ‐1.081  ‐1.220  0.000  0.000  0.000  ‐0.003  ‐0.933  ‐1.035  ‐0.932  ‐0.991  ‐1.093  ‐1.243 

rate     rsd  0.787  0.853  0.209  0.237  1.601  1.737  0.749  0.846  0.207  0.237  0.665  0.721  0.685  0.722  1.515  1.688 

      rvar  0.626  0.738  0.044  0.057  2.741  3.254  0.567  0.726  0.043  0.057  0.450  0.547  0.477  0.543  2.467  3.118 

   xmax  0.330  0.341  0.279  0.299  0.629  0.671  0.322  0.339  0.284  0.299  0.480  0.589  0.570  0.652  0.613  0.668 

   xmean  ‐0.064  ‐0.065  ‐0.013  ‐0.012  ‐0.069  ‐0.070  ‐0.064  ‐0.065  ‐0.013  ‐0.012  ‐0.014  ‐0.013  ‐0.010  ‐0.009  ‐0.063  ‐0.064 

Speculation  xmin  ‐0.334  ‐0.363  ‐0.114  ‐0.163  ‐0.760  ‐0.817  ‐0.309  ‐0.353  ‐0.127  ‐0.163  ‐0.412  ‐0.560  ‐0.421  ‐0.571  ‐0.716  ‐0.803 

   xsd  0.166  0.178  0.070  0.092  0.330  0.359  0.158  0.176  0.076  0.092  0.170  0.248  0.178  0.255  0.306  0.351 

      xvar  0.032  0.032  0.009  0.009  0.138  0.138  0.031  0.031  0.009  0.009  0.065  0.065  0.068  0.068  0.133  0.133 
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Chapter 4: Estimating the Effect of Inflation Targeting on Asset Prices 

4.1 Introduction 

It may at first appear that the policy of inflation targeting has been a success story.  Since 

the widespread adoption of inflation targeting as the primary monetary policy goal, many 

countries have achieved the objective of persistent low inflation.  Inflation targeting 

countries have enjoyed low and stable inflation when compared to the 15 years before IT 

was implemented.  The policy would also appear relatively costless as many IT countries 

have enjoyed stable growth and reductions in unemployment throughout their tenure as 

inflation targeters.  Although the recent financial crisis has led to recession and financial 

instability in many countries, in the aftermath, those countries employing IT are still 

experiencing low levels of inflation.   

However, more recently there is a growing literature which suggests that following 

an inflation targeting strategy had little to do with the low inflation experienced during the 

late 90s and the Great Moderation.  Furthermore, there is an additional concern that the 

goal of price stability is a double edged sword - with heightened risks of financial stability a 

consequence of pursuing such a single policy goal.  The recent experience of the financial 

crisis and other earlier asset price bubbles has led to many questioning the consensus that 

monetary policy should have the sole goal of price stability and in particular the choice of 

inflation targeting. 

It has been some time since the first adoption of inflation targeting in 1990 and 

during that time many have sought to determine whether inflation targeting has indeed 

contributed to lower inflation in those countries in which it is practiced.  Vega and 
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Winkelried (2005) ask whether inflation targeting has in fact been a ‘successful story’.  

Whilst they acknowledge that they know of no other studies that suggest outcomes would 

have been worse after adoption, they seek to answer whether it is IT itself that has 

benefitted IT countries.  They compile a yearly dataset of 109 countries and use propensity 

score matching to determine the effect of IT on the level, volatility and persistence of 

inflation.  They find that IT has helped reduce all three.  Although they state that their 

findings are robust to alternative definitions of treatment and control groups, Ball (2010) 

questions the validity of their results, especially in the case of developing countries.  Ball 

argues that using the same IT determination equation for both developed and developing 

countries is unwise since the variables will have different effects on monetary policy in the 

2 groups.  He also raises attention to the “puzzle” of why they have stronger results for 

‘soft’ inflation targeting, when ‘fully fledged’ inflation targeting is actually a greater 

deviation from previous policies. 

Similarly, Mishkin and Schmidt-Hebbel (2007) ask the key question, does inflation 

targeting make a difference? They use a large panel sample of quarterly data from 34 

countries over the period 1989-2004, implementing a variety of techniques, including both 

OLS and IV methods.  Their evidence suggests that some of the gains of inflation targeting 

are lower inflation in the long run, smaller responses to oil price and exchange rate shocks 

and inflation outcomes that are closer to target levels.  However, they find that countries 

that adopted inflation targeting did not attain superior monetary policy performance when 

compared to their control group of highly successful non-inflation targeting countries.  Ball 

(2010) is critical of the approach of Mishkin and Schmidt-Hebbel suggesting their results 

are not credible, due to their inclusion of the lagged IT dummy as an instrument.  The 
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lagged IT dummy was chosen so as to avoid the correlation problem between the IT 

dummy and variables that affect inflation directly.  Ball argues that the lagged dummy 

variable is still correlated with the explanatory variables and as such is correlated with the 

error in their equations and is therefore not a valid instrument.  

Likewise, Willard (2012) implements a variety of identification approaches, such as 

instrumental variables, panel fixed effects and different assumptions about 

heteroskedasticity, in order to estimate the effect of inflation targeting on inflation.  Willard 

analyses data from a panel of 22 OECD countries from 1985 to 2002.  He concludes that 

regardless of the approach used the effects are small and insignificant.  His analysis 

provides little evidence to support the idea that inflation targeting reduces inflation 

volatility, inflation variability, inflation uncertainty or inflation expectations. 

Ball and Sheridan (2005) provided evidence that suggests the adoption of IT is 

largely irrelevant.  In their study they consider 7 OECD countries that adopted IT and 13 

that did not.  They suggest that it was not the adoption of inflation targeting that enabled 

those countries that had higher than average inflation rates to reduce their rates toward the 

equilibrium level.  They claim that this success reflected ‘regression to the mean’ and was 

not the effect of inflation targeting.  It can be argued that the most crucial point from Ball 

and Sheridan is in regard to the econometric approach used.  They state that if there is an 

inflation targeting country displaying poor performance before the adoption of IT it must be 

compared with a non-inflation targeting country with similarly poor performance.  If this 

approach is not adopted then it will tend to overstate the effect of inflation targeting.   It is 

precisely this problem that propensity score matching can overcome.  Gertler (2005) and 

Geraats (2010) levy criticism at Ball and Sheridan, arguing that their results are misleading 
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estimates of the effects of regime changes.  Ball (2010) responds to this criticism and 

formally expresses the conditions in which the Ball and Sheridan estimator is unbiased and 

subsequently finds that inflation targeting results in a very small, but significant effect of IT 

on inflation.   Ball (2010) goes on to criticise much of the inflation targeting literature 

suggesting that “there are reasons to doubt the conclusion that IT matters.” 

The contribution of Lin and Ye (2007) is important since it follows the above comments of 

Ball and Sheridan and they claim to make the first attempt in the literature to formally 

address the self-selection problem.  This issue arises since the adoption of IT is not a 

random process and countries explicitly choose when to adopt IT and how that strategy will 

be implemented.  They overcome this issue by using the method of propensity score 

matching. They include a comprehensive data set of 22 industrial countries, covering the 

period 1985-1999. Their main conclusion is that inflation targeting has no significant 

beneficial effects on either the level of inflation or the variability of inflation experienced in 

the targeting country.  These results are in contrast to those of Vega and Winkelried, 

discussed above, who also use propensity score matching and find a significant effect of 

inflation targeting.  However, the discussion of these papers by Ball (2010) suggests that 

the econometric approach by Vega and Winkelried is sufficiently flawed to invalidate their 

results.  Nevertheless, Ball (2010) finds no such issues with Lin and Ye and argues that 

their findings should take precedence over those of Vega and Winkelreid. 

Alongside the previous studies’ conclusions that inflation targeting did not have a 

significant effect on inflation, there is growing concern that the choice of inflation targeting 

may in some way contribute to asset price volatility.  Borio and White (2004) suggest that 

in recent business cycles there have indeed been greater asset price swings. They have 
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called this effect the “paradox of credibility”.  One explanation of this is that as the anti-

inflationary commitment of inflation targeting central banks  becomes more credible, these 

regimes go on to enjoy low and stable inflation, and a low nominal interest rate associated 

with a credible and committed central bank.  This can lead to an increased likelihood of 

asset price bubbles forming as the low and stable inflation increases investor optimism 

about the condition of the economy and, combined with the low interest rate enabling lower 

cost borrowing, asset prices can easily spiral upward.  Hyman Minsky describes a similar 

effect as the Financial Instability Hypothesis, whereby financial crises may be endemic in 

capitalism as periods of prosperity and stability can encourage borrowing and greater risk 

taking.  Therefore periods of stability can lead to increased economic volatility in the 

longer term and ultimately financial instability.  

This instability can even be exacerbated as inflation targeting regimes will often 

exclude asset price bubbles, or suspected bubbles, from their forecasting models - or, as is 

often the case, the macroeconomic effects of these asset booms take a longer time to affect 

inflation - thereby not sufficiently allowing for their effects when making policy decisions.  

Furthermore, by ignoring the possibility of asset price bubbles the central bank does not 

adequately take into consideration the long term effects of excessive credit growth.  The 

strict inflation targeting regime may therefore leave policy too loose for too long, leading to 

asset price booms and busts and greater volatility in the long run. 

This effect is mirrored in the work of Christiano, Ilut, Motto, and Rostagno, (2010).  

They investigate historical stock price booms in the U.S. and Japan and find that, without 

exception, those booms occurred in periods where inflation was lower than the average 

outside those boom periods.  They reason that productivity shocks that increased the natural 
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interest rate were accompanied by a subsequent expansion in bank credit, thereby pushing 

up stock prices.  Using analysis based on a DSGE model they suggest that following a 

Taylor type rule when confronted with low inflation will lead to lower interest rates which 

will in turn fuel the asset boom.  They recognise that stock price booms are often associated 

with low inflation and high credit growth.  They suggest that adding credit growth to an 

interest rate rule would reduce asset price volatility. 

The importance of credit is recognised by Jorda, Schularick and Taylor (2014) who 

constructed a dataset of disaggregated credit for 17 advanced economies from 1870.  They 

find that banks and households have been heavily increasing their leverage through 

mortgages and that two thirds of the business of banking today consists of the 

intermediation of savings to the household sector for the purchase of property.  This is 

contrasted with the earlier part of the 20th century, where mortgage lending made up less 

than a third of typical banks’ lending.  They also highlight the importance of these 

developments as, with the growing weight of mortgages in the financial sector, housing 

market booms are becoming an increasing source of financial instability in the post-World 

War 2 era. 

Furthermore, Borio and Lowe (2002) argue that persistent low inflation can increase 

financial imbalances regardless of the cause of a particular asset price boom.  They reason 

that by creating optimism about the general condition of the macroeconomy, low inflation 

may cause asset prices to increase more in response to a rise in productivity than they 

otherwise would.  Likewise, if the central bank is committed to low inflation they suggest 

that an increase in demand is more likely to cause asset prices to rise.  The absence of 

inflation can lead to delays in the tightening of monetary policy, which in turn leads to an 
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increase in financial imbalances and an increase in asset prices rather than an immediate 

increase in the prices of goods and services. 

Frappa and Mésonnier (2010) investigate the effect of inflation targeting on house price 

inflation.  They analyse a panel of 17 industrial economies over the period 1980-2007, of 

which 9 have targeted inflation at some point.   Their contribution is important since they 

use propensity score matching to reduce the self-selection bias and the problem of missing 

counterfactuals.  They find evidence of a significant positive effect of inflation targeting on 

house price growth and on the house price to rent ratio.  They find that on average, 

adopting inflation targeting is associated with approximately a 2-4 percentage point 

increase per year in residential property prices. 

From the above literature, it can be seen that the effect of inflation targeting on 

inflation is disputed.  Nevertheless, there seems to be little evidence to suggest that inflation 

targeting can have adverse effects on price stability.  However, there is evidence to suggest 

that inflation targeting may be harmful to long term financial stability.  The question is 

whether a regime committed to price stability – and experiencing the low inflation and low 

interest rates typically enjoyed by inflation targeting countries - can contribute to the 

growth of asset price bubbles and greater asset price volatility in the long run.  

In addition, when these destabilizing effects are realised, such as in the recent 

financial crisis, is an inflation targeting regime perhaps not best suited to negating them?  

Will a regime focused solely on price stability prolong periods of asset price volatility by 

ignoring the emergence of bubbles and financial imbalances?   

In this thesis the aim is to answer these questions by estimating the effect of 

inflation targeting on asset prices and asset price volatility.  The method chosen was to use 
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propensity score matching on a panel of countries, which includes both inflation targeters 

and non-targeters, to estimate the ATT of inflation targeting (average treatment effect on 

the treated).   

In section 4.4, following on from Frappa and Mésonnier, this thesis begins by using 

propensity score matching to estimate the effect of inflation targeting on house price 

growth and goes beyond their work by also examining house price volatility. This approach 

differs in that it includes variables to account for the level of development within the 

financial system of each country that vary across time.  A further difference is that it also 

includes a different model specification and timeframe.  Frappa and Mésonnier estimate the 

effect of inflation targeting using kernel, local linear regression and nearest neighbour 

matching and estimate the standard errors using the standard bootstrap method.  However, 

Abadie and Imbens (2004) show that the bootstrap method is not valid in the case of nearest 

neighbour matching.  In this work the problem is overcome problem by calculating robust 

standard errors following Abadie and Imbens (2006) when using nearest neighbour 

matching.   

In Section 4.5 the analysis is extended to 2 more outcome variables; stock price 

growth and stock price volatility.  The datasets are significantly expanded from a panel of 

17 countries, as previously, to a maximum of 45. 
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4.2 Methodology 

One particular issue in the econometric study of monetary policy regimes is that countries 

do not make their choice of regime randomly. Since the choice of regime is not random, 

there exists a self-selection bias.  Furthermore countries will often only adopt inflation 

targeting once certain macroeconomic prerequisites have been met.  Countries that have a 

high level of inflation are not likely to adopt inflation targeting immediately, as the rise in 

interest rates required to rapidly bring inflation under control will often adversely affect 

output.  Instead, the preferred approach is to gradually reduce inflation, thus reducing the 

adverse effects on output, before adopting an inflation target.  Their reluctance to adopt 

inflation targeting also comes from the fear that they may lose credibility if they do not 

adequately achieve their target. If the central bank is reluctant to increase interest rates to 

curb inflation since it may prove too costly, its goal of price stability will not seem credible. 

Therefore an ideal time to adopt IT is after a large reduction in inflation.  Furthermore, 

adoption may depend upon the level of development and financial sophistication in the 

country.  For example, countries with highly developed financial markets are more likely to 

implement an inflation targeting strategy.  This level of development would, in turn, make 

the implementation of inflation targeting more effective. 

Therefore, since the choice of targeting is correlated with a set of observable 

variables (macro and development factors) then one will experience the ‘selection on 

observables’ problem.  This can make the approach of traditional linear regression 

unreliable.  In this case these issues must be addressed using a suitable econometric 

approach.  Let us discuss the issues in more detail.  From this point onwards the group of 

countries that adopted inflation targeting may be referred to as the treated and those that did 
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not are referred to as the controls.  We encounter the first problem since we would like to 

determine the difference in the outcome variable with and without treatment.  

First we define a treatment, D ε (0,1), where those that have adopted the treatment 

(inflation targeting countries) have Di =1 and those that have not have Di =0  The outcome 

y is defined as yi
1 for those countries who have adopted inflation targeting and yi

0 for those 

that have not.  The objective of this paper is to identify the treatment effect of inflation 

targeting on asset price volatility, in other words, the average treatment effect on the 

treated.  The average treatment effect on the treated (ATT) is defined as follows: 

 

	 1  

 

However, there exists an issue of missing data since we cannot observe both ( yi
1, 

yi
0 ) for all countries.  For example, we cannot observe the volatility of asset prices in 

inflation targeting countries had they not adopted inflation targeting – there are 

unobservable counterfactuals.  Furthermore, the ATT is not equal to the difference between 

the observed sample means of the observed outcomes (both treated and untreated). 

 

	 1 1 0  

 

To overcome this ‘selection on observables’ problem, one approach to be used is 

that of matching.  This method essentially mimics that of a randomised experiment in 

which a control group is matched to treated units. 
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The ‘conditional independence assumption’ requires that, conditional on X, the outcome 

variables, y, are independent of the targeting dummy variable.  We can therefore write the 

conditional ATT as below: 

	 1, 1, 0, 	  

	 1, 0, 	  

A possible matching method would be to match treated and controls with similar values of 

X.  However, as the number of covariates in X increases, as in this case, determining the 

conditional average treatment of the treated, (ATT(X), becomes a very complex matter and 

would be difficult to achieve in practice. 

However, this issue can be overcome by adopting the approach of Rosenbaum and 

Rubin (1983), who propose that matching on units can be conducted based on their 

propensity scores, where p(X) =Pr( 1 , i.e. the probability of a country adopting 

inflation targeting, conditional on (X).  The propensity scores can be estimated using 

standard probit and logit models.  Having obtained the scores, Rosenbaum and Rubin show 

that, under the conditional independence assumption as above, measuring the ATT is 

equivalent to measuring: 

 

1, 	 0, 	  

1, 	 0, 	  

 

Therefore the whole procedure is conducted in 2 steps.  First the propensity scores 

are obtained by running a probit or logit regression of X variables on the treatment 

indicator dummy variable.  Note here that the outcome variable – the variable of interest – 
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is omitted in the first stage.  Secondly, the estimated propensity scores are then matched 

using an appropriate matching algorithm. 

The matching method chosen was to use a kernel matching algorithm, specifically 

the Epanechnikov kernel.  Kernel estimators are non-parametric and use the weighted 

average of all individuals in the control group to determine the ultimate counterfactual 

outcome.  This type of matching method was preferred since kernel matching results in a 

lower variance of estimators.  However, importance must be given to the common support 

assumption (see discussion later) as when using kernel estimation there is the possibility of 

including observations that are bad matches. 

Also, when applying kernel matching it is necessary to choose a suitable bandwidth 

and kernel function.  The latter is not particularly important in terms of results (DiNardo 

and Tobias, 2001) but choosing the former involves a trade-off.  Assigning a high value to 

the bandwidth will result in a smoother probability density function, which leads to a better 

fit and a decreasing variance between the real density function and the estimate.  However, 

if the size of the bandwidth is too large, notable features can be ‘smoothed away’, resulting 

in an estimator that is biased.  Essentially in choosing the value one must balance the 

problems of too large a variance against those of having a biased estimator. 

 

 

	
1
	

∑ /
∑ /

 

Epanechnikov kernel defined as 1 | |  
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When implementing propensity score matching it is conventional practice to obtain 

standard errors via the standard bootstrap method.  However care must be taken when 

interpreting results, since for many matching estimators no formal explanation exists to 

justify this method – despite the widespread use of bootstrapping in this context.  When 

estimating the ATT using the Epanechnikov matching kernel the standard errors were 

calculated with this bootstrap method, using 1000 iterations.  For the case of kernel 

matching methods the implementation of the bootstrap method provides valid inference 

since these estimators are asymptotically linear (Abadie and Imbens, 2008).  However, this 

is not the case for the other matching methods implemented.  In attempting to evaluate the 

robustness of my estimators obtained using the Epanechnikov kernel, results were also 

obtained by the nearest neighbour matching method using a fixed number of neighbours 

(N1 and N3).  Work by Abadie and Imbens (2004 and 2008) draws attention to the 

problems encountered when attempting propensity score matching and in particular they 

question the validity of using bootstrapped standard errors for nearest-neighbour estimators 

with replacement and a fixed number of neighbours.  They suggest that the standard 

bootstrap fails to provide asymptotically valid standard errors.  Thus the average bootstrap 

variance can overestimate and underestimate the asymptotic variance of the matching 

estimators.  To overcome this problem Abadie and Imbens (2006, 2011) propose an 

estimator of the conditional variance that does not require consistent nonparametric 

estimation of unknown functions and can therefore provide robust standard errors in the 

case of nearest neighbour matching.  The conditional variance is estimated by the variance 

estimator that can be used in the presence of heteroskedasticity and involves an additional 

matching procedure.  The main idea behind this approach is that instead of matching treated 
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units to controls, the estimator of the conditional variance matches treated units to treated 

units and control units to controls in the second stage.  As such when estimating the ATTs 

using nearest neighbours the Abadie Imbens (2006) robust standard errors were calculated 

rather than using a conventional bootstrap method. 

Let lm(i) be the mth closest unit to unit i, among the units with the same value for the 

treatment. Then, for fixed J, the conditional variance can be estimated as below: 
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Where jm(i) is the index of the unit that is mth closest to unit i in terms of the covariate 

values, among the units with the treatment opposite to that of unit i ( Abadie and Imbens, 

2006).    
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4.2.1 Common Support Assumption 

 

As mentioned previously in the methodology section, when conducting propensity score 

matching close attention must be paid to the assumption of common support. There must be 

sufficient overlap in the probability density score distributions of both the treated and 

untreated in order for valid matching to be made.  The common support assumption can 

break down if there are variables that are perfect predictors of treatment, in this case 

variables that perfectly predict whether a country is going to adopt inflation targeting.  This 

assumption is more important when implementing the chosen method of kernel matching 

compared to other matching methods.  This is because when implementing kernel matching 

all untreated observations are used to estimate the missing counterfactuals.  The most 

straightforward way of checking this common support is to simply visually inspect the 

probability density functions of treated and untreated scores.  Lechner (2000) argues that 

this method is effective in determining common support to the extent that there is no need 

to employ a complicated formal estimator. 

 

From Handbook of Impact Evaluation, Khandker, Koolwal, and Samad (2009) 
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To ensure common support two methods can be applied: the minima and maxima 

comparison and trimming.  The underlying idea of the minima and maxima approach is to 

remove all observations with propensity scores smaller than the minimum and larger than 

the maximum in the opposite group (i.e. controls and treated).   One method of trimming is 

to remove a certain percentage of treatment observations for which the propensity score 

density of the control observations is the lowest.  This ensures that all matching takes place 

within the region of common support.  For example, in the figure below, taken from the 

house price dataset, we can clearly see the region of common support. 

 

 

 

  

___   Treated 

-----  Untreated 

Region of Common Support 
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4.2.2 Conditional Independence Assumption 

 

Conditional independence states that potential outcomes Y are independent of treatment 

assignment, given a set of observable covariates X that are not affected by treatment.  This 

assumption is also known as unconfoundedness (Rosenbaum and Rubin, 1983) and it 

implies that participation in the treatment, in this case targeting inflation, is based entirely 

on observed characteristics.  Unfortunately, conditional independence is a strong 

assumption and is not directly testable.  Whether the assumption is valid depends on the 

treatment itself.  For example, it is widely recognised that countries will adopt inflation 

targeting only after certain macroeconomic and financial prerequisites have been met.  It is 

therefore important to select variables based on these criteria so as to avoid violating the 

assumption.  If those variables which determine the adoption of the treatment are excluded 

or unobservable, conditional independence will be violated, and therefore propensity score 

matching is no longer an appropriate method of estimation. 
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4.3 General Approach to Propensity Score Matching 

Before discussing the specific matching models and datasets implemented it is useful to 

outline the general approach used in this paper.  The overriding goal is to estimate the 

Average Treatment of the Treated (ATT) of inflation targeting on an outcome variable by 

using propensity score matching.  Although the treatment indicator is a dummy variable 

which takes the value 1 when countries are targeting inflation, one must further refine the 

definition of this variable. 

For many countries it is unclear what the ‘true’ adoption date of inflation targeting 

actually was, since central banks and academics may have different criteria.  For example, 

it is sometimes the case that one should observe what a central bank is actually doing, 

rather than what it says it is doing.  Tavlas, Dellas and Stockman (2008) investigate similar 

issues when examining the classification and performance of alternative exchange rate 

regimes.  They note the difficulties arising due to differences in the de jure and de facto 

regimes, which can make it difficult to ascertain what the ‘true’ regime actually is.  

Therefore, as in similar studies such as Rose (2007), initially two different measures were 

utilized in order to classify when a particular country’s monetary authority was employing 

inflation targeting.  The first measure IT1, strict IT adoption, takes the value 1 when the 

central bank has publicised that it is targeting inflation exclusively.  The second variable 

IT2, soft inflation targeting, takes the value 1 at the earliest time when the central bank can 

be considered to be practicing inflation targeting.  This can take the form of an 

announcement of a numerical inflation target, or by declaring that the central bank was 

going to switch to IT.    See Table 4.1 for a full list of countries and Table 4.2 for the dates 

of IT adoption. 
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A number of countries in the datasets joined the European Monetary Union at some stage 

during the sample period.  When constructing the variables IT1 and IT2 those countries that 

targeted inflation prior to joining EMU will be treated as inflation targeters for the relevant 

periods but once they are in EMU countries will not be considered to be targeting inflation.   

However, an argument could be made that the European Central Bank has exhibited 

behaviour that may be classed as inflation targeting. To investigate whether this had an 

influence on results, a 3rd treatment indicator was introduced, IT3, whereby countries within 

the EMU are considered to be targeting inflation.  IT3 is constructed by adding EMU 

countries those already designated as targeting inflation in IT2 

Lastly, it can also be argued that the U.S. Federal Reserve displayed inflation 

targeting behaviour during the Greenspane-Bernanke era.  A 4th treatment indicator was 

included to investigate this effect.  The dummy variable IT4 treats both the European 

Central Bank and U.S. Federal Reserve as inflation targeters.  As such it adds the Fed as 

inflation targeter to IT3 for the whole sample period, resulting in IT4   

Thus 4 treatment indicators were constructed in total, where the criteria for being 

regarded as an inflation targeter essentially widens from IT1 through IT2 and IT3 (IT2 + the 

EMU countries) and finally to IT4 (IT2 + the EMU countries + the Fed ).  These treatment 

indicators are common to the analysis of all outcome variables, i.e. both real house prices 

and stock prices.  

There follow 2 sections in which ATT of inflation targeting on the outcome 

variables was estimated, with one outcome variable selected at a time.   
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In both sections the ATT was estimated across 4 different time periods.   

1980-2012  

1990-2012 

1980-2006  

1990-2006 

Firstly the full sample time horizon 1980-2012 was chosen to allow a sufficient 

period before inflation targeting begins but subject to the restriction of available data at the 

time of writing.  For the second time period investigated the sample starts at the onset of 

inflation targeting in 1990 and goes through to 2012.  In order to exclude the effects of the 

recent financial crisis, the samples were further restricted to 1980-2006 and 1990-2006. 

When implementing propensity score matching and determining the econometric 

model, the selection of independent variables must be carefully considered.  It is necessary 

to select independent variables that are believed to have an impact both on the outcome 

variable and the selection of the treatment. It is therefore important to include all regressors 

that are believed to have an impact on House/Stock Price growth/volatility and those that 

may influence the adoption of an inflation targeting policy.  This is in order to reduce the 

problem of omitted variable bias and ensure validity of the conditional independence 

assumption.12  The purpose of the probit regression is merely to reduce the dimensionality 

problem in the matching process (Rosenbaum and Rubin, 1983) and not to determine a 

working model of inflation targeting adoption.  One must therefore be careful about making 

inference based on the propensity score estimates from the first stage. 

                                                 

12 See methodology section for more details 
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4.4 House Prices 

4.4.1 Propensity Score Estimation: Real House Price Dataset 

 

A yearly panel data set for 17 countries was constructed, covering the period 1980-2012.  

Please see Table 4.1 for a full list of included countries and Table 4.2 for countries’ dates of 

inflation targeting adoption.  

The first step is to estimate the propensity scores of the independent variables on the 

treatment indicator using a pooled probit regression.  The outcome variable, real house 

price growth or volatility is omitted at this first stage.  Instead the dependent variable for 

the probit regression is the treatment indicator, (IT1, IT2 etc), a dummy variable which 

takes the value 1 when the regime is considered to be targeting inflation.   

The independent variables are factors that have an impact on house price growth 

and may also affect the adoption of inflation targeting.  It is important to include all 

regressors that are believed to have an impact on the outcome variable and those that may 

influence the adoption of an inflation targeting policy.  The independent variables can be 

divided into 3 broad groups.  These are: macroeconomic data including crises and exchange 

rate regimes, housing demand factors, and sophistication of the financial 

markets/institutions as a proxy for the development of each country’s mortgage markets. 

The first group largely consist of macroeconomic and financial factors such as 

market interest rate, GDP growth, inflation etc.  Their inclusion satisfies the literature 

surrounding timing of adoption of IT in that that some preconditions regarding 

macroeconomic factors have been met.   The variables are real GDP growth (rgdpg), 

inflation (inf), market interest rate (mir).  In addition, these variables are likely to affect 
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house prices since positive economic conditions, such as consistent growth, low inflation 

and low interest rates are associated with increases in real house prices. 

The specification includes financial crisis dummy variables (cri), (Laeven and 

Valencia, 2012), which indicate periods in which there was a banking crisis, sovereign debt 

crisis, currency crisis or sovereign debt restructuring.  These types of crisis often have 

adverse effects on the banking and financial sectors and are therefore likely to transmit 

effects through to the housing market. 

A fixed exchange rate dummy variable (fixer) is included, in order to identify those 

countries operating fixed exchange rate regimes.  This is from the database of Reinhart and 

Rogoff (2010).  Those countries within the first 2 categories13 of the coarse classification 

are considered to be operating fixed exchange rate regimes.  Those countries operating such 

a regime are believed to be less likely to adopt IT.  As such the expected sign is negative. 

In addition, variables are included to control for housing demand factors such as the 

level of rental prices, net saving and availability of credit (rent, sav and crd).  It is also 

necessary to include variables that indicate the development of the financial system in the 

included countries. These variables satisfy the literature suggesting that many countries will 

benefit from having well developed financial markets before the adoption of inflation 

targeting.    Čihák, Demirgüç-Kunt, Feyen, and Levine (2012), suggest that there are key 

variables from the Global Financial Development Database that can be used as indicators of 

depth, access, efficiency and stability (see Table 4.3).  The variables selected include the 

                                                 

13 The first two Exchange Rate Course classifications are: 
1 No separate legal tender, Pre announced peg or currency board arrangement, Pre announced horizontal band 
that is narrower than or equal to +/-2%, De facto peg. 
2 Pre announced crawling peg, Pre announced crawling band that is narrower than or equal to +/-2%, De 
factor crawling peg, De facto crawling band that is narrower than or equal to +/-2%. 
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key indicators of depth, efficiency and stability for financial markets.  These variables may 

influence the adoption of IT since monetary authorities are more likely to pursue inflation 

targeting, and have a better chance of success, when financial markets are efficient and 

stable.  In such a financial system the central bank can be sure that its policy rate decisions 

are transmitted through to the whole structure of interest rates and therefore to aggregate 

demand.  The transmission mechanism to aggregate demand is especially important since 

inflation targeting using the interest rate as a policy tool is not likely to be efficient without 

it.  Similar studies such as Frappa and Mésonnier, have used the Mortgage Market 

Sophistication Index.  However, this and other similar series are not time dependent and 

thereby inappropriately assume the same level of sophistication for the past 20 years. 

 

The development variables included are: 

Stock Market Capitalisation (smc):  To approximate the size of stock markets in the 

included countries a common choice of variable is included; stock market capitalization to 

GDP.   Work by Levine and Zervos (1998) highlighted that the rate of economic 

development is correlated with trading in firm ownership.  Additionally, in larger countries, 

financial markets play a greater role relative to the size of the economy. 

Turnover ratio (smtr): A measure used to assess the efficiency of financial markets 

is the stock market turnover ratio.  It is the ratio of the stock market’s annual turnover to 

market capitalization.  The rationale behind this approach is that higher turnover translates 

into higher liquidity and it is this liquidity that allows the market to be more efficient. 

Stability (smvol): For financial markets, the most commonly used proxy variable for 

stability is market volatility.    High volatility in the financial market may also affect the 
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housing market.  However, the housing market is slower to respond to these fluctuations.  

Periods of high volatility in financial markets are often associated with poor economic 

performance in the country as a whole.  If these periods persist then house prices may 

decline due to a downturn in the economy and a reduction of available mortgage credit.  

Conversely, periods of stability in financial markets and the economy over the longer term 

often lead to increases in house prices.  In general the data shows that developing countries 

exhibit greater volatility than developed economy markets but not enough to be significant.  

It is also worth noting that all countries were affected by increased volatility during the 

recent financial crisis. 

Unfortunately there are limitations in the development variables as data is only 

broadly available for the period after 1990.  I decided that I would estimate the ATT using 

two slightly different models.  The first baseline model was estimated using a dataset that 

covers a longer period 1980-2012 but does not include the development variables.  The 

second model incudes the development variables, in addition to all variables from the 

baseline model.  The trade-off is that the development model was estimated using a dataset 

restricted to the period 1990-2012, due to the lack of available data pre-1990.  Both models 

are specified in Table 4.4 and a description of each variable and its source can be found in 

Table 4.5. 

 

4.4.2 Probit Regression Results: House Price Dataset 

 

We now turn to the results from the first stage probit regression.  A probit regression was 

conducted for each time period and treatment indicator.  These results are independent of 

the outcome variable and can be seen in Tables 4.6 to 4.11.  Care must be taken in 
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interpreting the results of the first stage regression coefficients since the estimation of the 

propensity scores is not based on a working model of IT adoption.  The purpose of the 

probit regression is to reduce the dimensionality problem in the matching process.   

There are a number of observations that generally hold across all time periods and 

treatment indicators.  First, one can observe that the variable inf is significant and negative, 

thereby supporting the idea that countries with high inflation are less likely to adopt 

inflation targeting.  As mentioned in the introduction it is often the case that IT will be 

adopted after countries have brought inflation under control, in order to maintain a credible 

commitment to price stability.   Similarly, the coefficient for fixer is significant and 

negative, which suggests in line with the literature, that countries operating under fixed 

exchange rate regimes are less likely to adopt an inflation targeting strategy. The coefficient 

for rgdpg is also significant and positive, confirming the view that inflation targeting is 

generally adopted in times of relative economic prosperity. 

Figures 4.1 to 4.6 show the density functions of estimated propensity scores for the 

treated and untreated.  The figures plot the results for both the baseline model and the 

development model.  Furthermore the figures include all density functions for all treatment 

indicators across all time periods, starting with 1980-2012 in Figure 4.1.  By inspecting the 

propensity score density functions, as suggested by Lechner, it can be observed that there is 

indeed sufficient common support between treated and non-treated to allow valid matching 

to take place.  The results of matching are discussed overleaf. 
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4.4.3 Results of Matching: Real House Price Volatility and Growth 

 

This section presents the results obtained for the ATT of inflation targeting on 2 different 

outcome variables; real house price growth (rhpg) and real house price volatility (rhpvol), 

using the Epanechnikov matching estimator with a bandwidth of 0.06 and bootstrapped 

standard errors (1000 iterations).  Observations are trimmed (5%) to further ensure 

common support.14  The results are obtained using 4 separate treatment indicators and 4 

alternative time periods.  First, the results for the baseline model are presented, then the 

development model results.  Results are regarded as significant at the 5% level and 

significant results are highlighted in bold. 

 

4.4.4 Real House Price Growth Baseline Model  

 

The results for the baseline model of real house price growth can be seen in Table 4.12.  

For the baseline specification we see that all of the coefficients are significant at the 5% 

level.  There is little difference in whether IT1 or IT2 is chosen as the treatment indicator, 

although the coefficients are slightly larger when IT1 is chosen.  The coefficients range 

from 2.393 to 3.99, which support the idea that inflation targeting is associated with an 

increase in real house prices of between 2.4 and 4 percent.  The effect is significant 

regardless of the period in question.   

When considering the ECB and Fed as inflation targeters the coefficients are lower 

than when using IT1 and IT2 as treatment indicators but are still significant at the 5% level.   

                                                 

14 Trimming imposes common support by dropping 5% percent of the treatment observations at which the 
pscore density of the control observations is the lowest. 
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These results, when taken as a whole, show that there is a significant treatment effect of 

inflation targeting on real house price growth, regardless of time period or treatment 

indicator.    

4.4.5 Real House Price Volatility Baseline Model  

 

The results for the baseline model of real house price volatility can be seen in Table 4.13.  

It is of note that none of the results are significant at the 5% level.  The coefficients are 

small and the t-stats indicate the results are not close to significance at the 5% level.  This 

pattern is common to all results regardless of the time period or treatment indicator chosen.  

Even when the definition of inflation targeting is extended to include the ECB and Federal 

Reserve (IT3 and IT4), the results are still not significant.  Given these results one cannot 

reject the null hypothesis that inflation targeting does not have an effect on house price 

volatility. 

 

4.4.6 Real House Price Growth Development Model  

 

One of the issues with Frappa and Mésonnier was that their proxies for financial 

development were constant regardless of the period in question.  In order to overcome this 

variables were  included to indicate the level of financial development in a country that did 

vary across time.   This ‘development’ model specification does include financial 

development variables such as market capitalization etc. but this data was only available 

from 1990 onwards.   

The results from the development model with real house price growth as the 

outcome variable can be seen in Table 4.14.  The results are significant at the 5% level for 
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both periods and either IT1 or IT2 as the choice of treatment indicator.  This time there is a 

large difference between the coefficients under IT1 and IT2 for the period 1990-2012.  

Compared to the baseline model, these results indicate a larger ATT of inflation targeting, 

estimating the effect to be in the region of 4.5% to 7.6%. 

The coefficients for IT3 and IT4 are all significant, except for IT3 in the period 1990-2006.  

The latter, although not significant at the 5% level, is significant at the 10% level. 

 

4.4.7 Real House Price Volatility Development Model  

 

The results from the development model when real house price volatility is the outcome 

variable can be seen in Table 4.15.  None of the results are significant, or close to being 

significant at the 5% level.  Expanding the definition of inflation targeting to include the 

ECB and Federal Reserve does not yield any significant results.  This pattern of results is 

very similar to the baseline house price volatility model in that the results offer no evidence 

to suggest that inflation targeting has a significant effect on real house price volatility.  

Having estimated the average treatment effects, it is now prudent to check the robustness of 

the results to a bias driven by a particular country, outliers, or choice of matching estimator. 

 

4.4.8 Real House Price Results Without Outliers 

 

To ascertain whether the results were being influenced by outliers in real house price 

movements the samples were trimmed to remove the 5 highest and lowest values.  The 

ATTs were then re-estimated.  The results for matching without outliers can be seen in 

Tables 4.16 to 4.19.  For real house price growth the results for the baseline and 
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development model are now similar.  The coefficients are slightly lower but are all still 

significant for the baseline model and almost all significant for the development model. 

The results without outliers for real house price volatility are still not significant or close to 

being significant.  This is the case independent of time period, treatment indicator or even 

choice of baseline or development model. 

 

4.4.9 Robustness Checks 

 

Due to the small number of countries in the panel, it is important to determine if the overall 

results are driven by data from a particular country.  As such the propensity score matching 

(PSM) procedure was repeated an additional 17 times but each time sequentially removing 

a single country from the dataset.  The results from this can be seen in Tables 4.20 to 4.31.  

The results suggest that the estimation of the ATTs are not being driven by the inclusion of 

one particular country. 

Several alternative matching estimators were used in order to determine if one 

particular matching method changed results significantly.  The results estimated using 

nearest neighbour matching,15 can be seen in Tables 4.12 to 4.15, alongside the results 

using the Epanechnikov kernel.  It is to be expected that the results are not identical as there 

is a trade-off between reducing bias or variance whenever choosing a particular matching 

estimator.  The individual results section focuses on the results from using the 

Epanechnikov kernel as this was deemed the most appropriate choice given the type of data 

used.  However, the results obtained by nearest neighbour matching are similar to those of 

                                                 

15 Estimates using Local Linear Regression were conducted but omitted here for brevity.  Results are similar 
to those of Epanechnikov kernel. 
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the Epanechnikov matching estimator.  The coefficients are of similar value and most 

results that are significant using the Epanechnikov kernel are still significant when using 

nearest neighbour matching.  These results are calculated using Abadie and Imbens (2006) 

robust standard errors.  As such the results reported are deemed to be sufficiently robust to 

the choice of matching estimator.16 

  

  

                                                 

16 In addition to the described robustness checks, standard tests of the quality of matching were conducted.  In 
all cases the pseudo R2 was greatly reduced after matching, indicating that there was no systematic difference 
left in the distribution of covariates between both groups. I also conducted the standard balancing test 
proposed by Rosenbaum and Rubin (1983) and found that the null hypothesis was, for the most part, not 
rejected and when rejected the resulting bias was small.  The covariates’ mean bias and median bias was also 
greatly reduced after matching.  Results are available on request. 
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4.4.10 Analysis of Results: House Price Volatility and Growth 

 

When examining the results from this section it is clear that there is little evidence to 

support the idea that inflation targeting has any impact on house price volatility.  This 

pattern is seen regardless of model specification, selection of treatment indicator, 

estimation with or without outliers and when excluding countries on a sequential basis.   

Conversely, for the case of real house price growth, there is evidence to suggest that 

there is indeed a significant effect of inflation targeting.  For the most part, this effect is 

evident across alternative specifications and is robust to outliers, estimation method and 

country exclusion.  One observable pattern is that coefficients are generally highest for 

when IT1 is selected as the treatment indicator.  As the definition of inflation targeting is 

widened to IT2 and further expanded to include the ECB, the coefficients are generally 

lower with each step.  These observations suggest that strict inflation targeting is more 

important for house price growth.  It appears to be the case that the stricter the definition of 

inflation targeting the greater the effect on house price growth.  A possible explanation for 

this is that the housing market is different from other asset markets in that the government 

is often concerned with the affordability of the housing stock and the influence of high 

house prices on the rest of the economy.  For countries targeting inflation the low interest 

rates, low inflation and stable economic growth typically enjoyed by inflation targeting 

countries pre-crisis form an environment which may make house purchasing appear a less 

risky proposition than when in times of economic turmoil - thus contributing to an increase 

in prices. In the case of rising real house prices governments may feel under pressure from 

the public to influence the market in order to increase affordability of housing or to prevent 

the formation of a housing bubble.  In terms of monetary policy this may take the form of 
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raising interest rates to prevent the rise of house prices.  If the monetary policy regime is 

flexible, then this type of ‘leaning against the wind’ of asset prices may be possible.  

However, in a strict inflation targeting regime there is no mandate to intervene in the 

housing market, only to maintain price stability.  The upward pressure on house prices 

therefore remains unchecked.  Thus the stricter the regime, ceteris paribus, the greater the 

increase in house prices. 

The exception to this trend can be seen when looking at the results for when the 

Federal Reserve is also considered an inflation targeter.  When IT4 is the treatment 

indicator, the results for RHP growth are mostly significant but the coefficients are higher 

than when IT3 is chosen.  This suggests that the monetary policy of the Federal Reserve led 

to an increase in real house price growth.  This may arise due to the policies of the Federal 

Reserve in response to the recession in the early 2000s.  It can be argued that during this 

period the Fed allowed interest rates to remain too low for too long, thereby creating a 

property price bubble (Atesoglu (2011), Poole (2010), Taylor (2012) and White (2009)). 
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4.5 Stock Prices 

4.5.1 Propensity Score Estimation: Stock Price Dataset   

 

In this section the effect of inflation targeting on stock price growth and stock price 

volatility is estimated.  The Stock Price dataset is a panel of 45 countries, including 23 

inflation targeters. All data are quarterly and run from 1980Q1 to 2012Q4.  See Table 4.1 

for a list of included countries and Table 4.2 for IT adoption dates. 

The outcome variables in this section are stock price growth and stock price 

volatility.  In order to determine these measures it was necessary first to obtain a measure 

of stock market performance in each country.  A suitable index for each country can be 

taken from the MSCI Global Equity Indexes.  When constructing the index, “every listed 

security in the market is identified. Securities are free-float adjusted and screened by size 

and liquidity. MSCI then constructs the index by including 85% of the free-float adjusted 

market capitalisation in each industry group in that country.  By targeting 85% of each 

industry group, the MSCI Country Index captures 85% of the total country market 

capitalisation while reflecting the economic diversity of that market” (MSCI, 2014). This 

type of index is a much better representation of the movement in stock prices within the 

country as a whole, than for example, the FTSE 100 or SandP 500 etc. as it uses a common 

methodology for index construction in each country.  In addition, it is not restricted to only 

the movement in price of the largest listed companies (such as the FTSE 100) or those in a 

particular industry sector (NASDAQ) but includes the movement of a large number of the 

stocks, from many different companies within the particular country.  It is therefore an 

appropriate choice of index. 
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The outcome variable spg is simply the percentage change each period in the MSCI index 

for each country.  In calculating a measure for stock price volatility it became clear that a 

better alternative to the standard deviation of the MSCI index could be found.  Since stock 

prices are often volatile in both directions within a trading period and it is this volatility that 

I wanted to capture, it is clear that a simple quarterly return would not be adequate.  

Furthermore, since the average movement each quarter would often change, the 

conventional method of using standard deviation would not be suitable either.  The method 

of constructing this variable was chosen to determine movement regardless of direction, 

rather than movement about a trend.  As such the dataset includes the realised volatility of 

stock prices as the outcome variable (spvol).17 

The independent variables largely consist of macroeconomic and financial factors 

such as money market interest rate, GDP growth, inflation etc.  Their inclusion satisfies the 

literature surrounding the timing of adoption of IT in that some economic preconditions 

have been met and many countries will have well developed financial markets.  In addition, 

it is thought that these variables will have an impact on stock market performance.  For 

example, countries with consistent GDP growth often enjoy long growth trends in stock 

markets and experience less market volatility, whilst conversely countries that experience 

prevalent boom and bust cycles will display more stock market volatility.  Similarly in the 

case of countries which have experienced periods of high volatility of interest rates and 

inflation we would expect to see this volatility reflected in financial markets.  Other 

included independent variables indicate known sources of financial volatility.  The first of 

                                                 

17 See appendix on Realised Volatility 
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this kind are the financial crisis dummy variables (Laeven and Valencia, 2012) which 

indicate periods in which there was a banking crisis, sovereign debt crisis, currency crisis or 

sovereign debt restructuring.  These episodes will often have effects both domestically and 

internationally to varying degrees.  They are included so as to attribute some of the stock 

price volatility to the episode rather than to the choice of regime.   

Similarly, Bloom (2009) observed and identified several periods of international 

stock price volatility in his recent paper.  The majority of these volatile periods involve 

wars or significant world events.  Again, these dummy variables are included to indicate 

periods of increased stock price volatility above the norm, which one would expect to 

observe in both inflation targeting and non-inflation targeting countries.   

Financial markets are becoming increasingly global and often domestic crises have 

effects that range beyond the domestic stock market to further around the world.  As such 

there is a correlation between domestic market volatility and global stock volatility.  

Therefore the variable lgworld is included to account for this behaviour. 

A fixed exchange rate dummy variable is included, in order to identify those 

countries operating fixed exchange rate regimes.  Those countries operating such a regime 

are believed to be less likely to adopt IT.  As such the expected sign is negative.   

The model specification can be seen in Table 4.32 and a full list of variables, 

including their description and source can be found in Table 4.33. 

 

  



 

177 

 

 

4.5.2 Probit Regression Results: Stock Price Dataset 

 

Using the same method as in section 4.4 the propensity scores were estimated using a 

pooled probit regression.  The results from the first stage pooled probit regressions are 

shown in Tables 4.34 to 4.37.  As in the previous chapter the treatment indicator is defined 

as IT1, IT2 etc. representing the strictness of the inflation targeting criteria. 

As mentioned in section 4.4, care must be taken in interpreting the results of the 

first stage regression coefficients since the estimation of the propensity scores is not based 

on a working model of IT adoption.  The purpose of the probit regression is to reduce the 

dimensionality problem in the matching process.  Nevertheless, across all time periods and 

regardless of the choice of treatment dummy the following trends can be observed: 

The variable inf is significant and negative, thereby supporting the idea that 

countries with high inflation are less likely to adopt inflation targeting.  Similarly, the 

coefficient for fixer is significant and negative, which suggests as per the literature, that 

countries operating under fixed exchange rate regimes are less likely to adopt an inflation 

targeting strategy.  In addition, the variable cri, the crisis dummy variable, is also 

significant and negative, which would support the idea that countries are not likely to 

change their choice of monetary policy regime in times of crisis.  Rather, as per the 

literature, they would wait until a period of relative economic stability before adopting 

inflation targeting.  Figures 4.7 to 4.10 show the density functions of estimated propensity 

scores for the treated and untreated.  The figures include all density functions for all 

treatment indicators across all time periods, starting with 1980 -2012 in Figure 4.7.  

Regardless of the selection of treatment indicator or the period of the sample, 

Figures 4.7 to 4.10 show that there is indeed a sufficient region of common support.  This 
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common support validates the choice of implementing a matching strategy based on the 

estimated propensity scores.  
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4.5.3 Results of Matching: Stock Price Volatility and Growth 

 

This section presents the results obtained for the ATT of inflation targeting on 2 different 

outcome variables; stock price growth and stock price inflation, using the Epanechnikov 

matching estimator with a bandwidth of 0.06 and bootstrapped standard errors (1000 

iterations). Observations are trimmed (5%) to further ensure common support.  The results 

are obtained using 4 separate treatment indicators and 4 alternative time periods.  Results 

are regarded as significant at the 5% level and significant results are highlighted in bold.   

In the previous section, it was shown that there is sufficient overlap in the 

propensity score distributions of the treated and untreated to allow valid matching to take 

place.  The results from matching the propensity scores of the sample are summarised in 

Table 4.38 for Stock Price Volatility and Table 4.39 for Stock Price Growth.   

 

4.5.4 Stock Price Volatility  

 

The results of matching for stock price volatility can be seen in Table 4.38.  The choice of 

IT1 or IT2 makes little difference to results across the 4 time periods.  The coefficients are 

generally larger for IT1 but the differences are small.  For both IT1 and IT2, the coefficients 

are positive for all results and significant for all except those from 1990 to 2006. 

The significant results range from 0.0486 to 0.0774.  Once converted back from 

realised volatility this is equivalent to a percentage change in the index per quarter of 

between 0.6% and 1%.  Compounding this change indicates the potential annual increase in 

stock market volatility in IT countries would be between 2.4% and 4.1% greater than in 
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non-targeting countries.  Overall the results are significant and positive and lend support to 

the idea that there is a significant effect of inflation targeting on stock price volatility. 

The results for alternative specifications which include the European Central Bank 

and U.S. Federal Reserve as inflation targeters are also reported in Table 4.38.  For stock 

price volatility, when the ECB is considered as an inflation targeter (IT3) the ATT is 

positive and significant across all time periods.  When the Fed is considered as an inflation 

targeter in addition to the ECB (IT4), the coefficients, although smaller than when IT3 is 

the treatment indicator, are still significant in 3 out of 4 cases.   

 

4.5.5 Stock Price Growth 

 

The results of matching for stock price growth can be seen in Table 4.39.  The results for 

stock price growth are mixed in that they exhibit ATTs that are significant in some cases 

but not in others.  For example, with IT1 and IT2 as the treatment indicator the results for 

1980 -2012 and 1990 -2012 are not significant.  However, for the same treatment indicators 

for 1980 -2006 and 1990 – 2006, the pre financial crisis periods, the coefficients are both 

positive and strongly significant.  For stock price growth, when considering the ECB and 

Fed as inflation targeters there are no significant coefficients.   
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4.5.6 Stock Price Results without Outliers: 

 

To ascertain whether the results were being influenced by outliers in stock price 

movements the samples were trimmed to remove the 5 highest and lowest values.  The 

ATTs were then re-estimated.  The results for matching without outliers can be seen in 

Tables 4.40 and 4.41.   

In the case of stock price volatility, (Table 4.40), one can observe that the removal of 

outliers has led to a reduction in the size of the coefficients.  For the period 1980 – 2012 the 

results are still significant, regardless of treatment indicator, as was the case with outliers.  

For 1990 -2012, the coefficients are no longer significant when IT2 and IT4 are selected as 

the treatment indicators.  The coefficients are however still close to being significant.  For 

1990 – 2006 the results are relatively unchanged from the with outliers case.  The 

coefficients are only significant when IT3 is selected as the treatment indicator. 

The biggest change is for the period 1980 -2006.  In the with outliers case all 

coefficients were significant regardless of treatment indicator.  In the without outliers case 

coefficients are only significant when IT3 is the treatment indicator.  Overall, the results for 

stock price growth are largely unaffected by the removal of outliers (Table 4.41).  The 

coefficients are of a similar size as with outliers and those that are significant in the with 

outliers case are significant in the without outliers case. 

 

4.5.7 Robustness to Choice of Matching Estimator 

 

In order to determine the robustness of the results to the choice of matching kernel, the 

ATT was estimated in each case using alternative matching estimators.  The complete 
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results for stock price volatility and stock price growth both with outliers and without 

outliers estimated using nearest neighbour18 matching methods can be seen in Tables 4.38 

and 4.39 and 4.40 and 4.41, alongside the results obtained using the Epanechnikov kernel.  

In this results section the discussion has been focussed on the estimates obtained using the 

Epanechnikov matching kernel since it is believed to be the most appropriate choice. 

However, the results when using nearest neighbour matching are broadly similar to those 

when using the Epanechnikov estimator.  Results that are significant when using the 

Epanechnikov estimator are still significant or, in a few cases, close to significant when 

using nearest neighbour matching.  The standard errors obtained when using nearest 

neighbour matching robust, as per Abadie and Imbens (2006).  As such valid inference can 

be made. Therefore the results are deemed sufficiently robust to the choice of matching 

estimator.19 

 

  

                                                 

18 The ATTs were also estimated using local linear regression, but results are not reported for brevity reasons. 

19 In addition to the described robustness checks, standard tests of the quality of matching were conducted.  In 
all cases the pseudo R2 was greatly reduced after matching, indicating that there was no systematic difference 
left in the distribution of covariates between both groups. I also conducted the standard balancing test 
proposed by Rosenbaum and Rubin (1983) and found that the null hypothesis was, for the most part, not 
rejected and when rejected the resulting bias was small.  The covariates’ mean bias and median bias was also 
greatly reduced after matching.  Results are available on request. 
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4.5.8 Analysis of Results: Stock Price Volatility and Growth 

 

The results suggest that inflation targeting does indeed have a significant effect, although 

small, on the volatility of stock markets.  It is of interest to note that for stock price 

volatility, when adjusting for outliers, the coefficients under IT1 and IT2 are not significant 

for the pre-crisis periods.  Even when including outliers, the coefficients are only 

significant for 1980 -2006.  The crisis period is therefore important to the significance of 

the results for stock price volatility. 

The results for stock price growth are interesting in that they suggest that inflation 

targeting had a significant effect only in the periods before the crisis.  When the sample is 

corrected for outliers, this remains the case.  Furthermore, widening the definition of 

inflation targeting to include the ECB and Federal Reserve does not increase the number of 

significant results.  Taking the results as a whole may reveal one explanation.  The results 

support the idea that the strict inflation targeting employed in the period 1990-2006 

provided a period of relatively stable economic activity, and increased expectations that this 

pattern would continue.  As the expectation of low inflation and persistent economic 

growth continued, stock market prices rose – a situation which is similar to that described 

by Minsky. The fact that the ATTs for the periods 1990-2006 and 1980-2006 are significant 

(IT1 and IT2) is evidence of this, suggesting that the macroeconomic effects of inflation 

targeting did contribute to an increase in stock market prices.  The increased market 

volatility during the crisis was sufficient to offset the growth attributed to inflation targeting 

during this period, hence the lack of significance of ATTs for full sample periods.  

Consequently, as the financial crisis began to develop and run its course those countries 

targeting inflation experienced a large degree of volatility in financial markets, accounting 
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for the significance of the ATT on stock price volatility when the full sample results are 

analysed. 

Another explanation for why the pre-crisis ATTs for IT1 and IT2 are not significant, 

yet the coefficient for IT3 is, is that the ECB was indeed behaving as an inflation targeter 

during this period (1999 onwards).  As such the volatility experienced in Eurozone 

countries was not attributed to inflation targeting.  However, once the ECB is treated as an 

inflation targeter (IT3 as a treatment indicator) the coefficients for both these periods 

become significant, alongside the other periods.   

A key observation from these results is that when the Federal Reserve is classified 

as an inflation targeter, the coefficients become lower and lose a degree of significance.  In 

the case of no outliers most coefficients are no longer significant.  These effects may have 

arisen since the Federal Reserve was not actually targeting inflation to the same degree as 

the ECB.  When the treatment indicator IT4 is used the Federal Reserve is classified as 

targeting inflation for the whole of the sample.  It is highly probable that the Federal 

Reserve adopted a policy similar to inflation targeting only during select periods of the 

sample.  Perhaps a more detailed analysis - identifying specific episodes where the Federal 

Reserve was observed to be targeting inflation - may change these results.  Evidence of this 

deviation from inflation targeting behaviour can be seen in the volatility results for the 

period 1990-2006.  The ATT for volatility, when considering the Federal Reserve as an 

inflation targeter, is much lower than that of IT3 (IT2 + ECB) and is not significant.  It was 

during this period that the so called ‘Greenspan Put’ was introduced.  The ‘Greenspan Put’ 

refers to the announcement by  Federal Reserve Chairman Alan Greenspan that he would 



 

185 

 

 

ease monetary policy in order to prop up the financial markets should the need arise.  As 

such this may explain the above effect. 
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4.6 Conclusions 

This chapter reports several important findings.  In the case of the housing market the paper 

provides evidence to suggest that inflation targeting is associated with a significant increase 

of real house price growth but no effect on real house price volatility.  In the case of stock 

prices this chapter provides evidence to suggest that inflation targeting has a significant 

effect on stock price volatility and a significant, although limited, effect on stock price 

growth. 

The results obtained are consistent with the idea that those countries pursuing 

inflation targeting were focused solely on price stability and at most concerned only with 

asset prices that would affect inflation over a longer horizon.  In general the stricter the 

definition of inflation targeting, the greater the effect on the housing market or stock 

market.  Therefore it can be interpreted that the increase in asset prices and financial 

imbalances in the build-up to the crisis are examples of the dangers of ignoring those 

factors that may lead to financial instability in the long run, in favour of price stability in 

the short run. The financial crisis does appear important to the results and as such is an 

example of when these asset bubbles and imbalances, ignored by a strict inflation targeting 

regime, are finally redressed.  As such, the resulting volatility can be greater for inflation 

targeting countries.   

 

 



 

187 

 

 

4.7 Appendix: Realised Volatility  

I have used the realised volatility of house prices as an outcome variable in section 4.4 and 

realised volatility of stock prices in section 4.5.  It was constructed as follows:  First, obtain 

the realised variance by obtaining the sum of squared log returns from the index (either 

quarterly in the case of house prices or daily in the case of stock prices), where a return Rt 

is given by: 

 ln  

Where: 

ln = natural logarithm 

Pt = Value of index at time t 

Pt–1 = Value of index at  time t-1 

Hence realised variance is shown below: 

	  

 

 

The realized volatility is the square root of the realized variance, or the square root of the 

RV multiplied by a suitable constant20, q, to appropriately scale the values.  

	  

                                                 

20 The constant is the number of trading days in a quarter for stock prices, and the number of quarters in a year 
for house prices. 
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Table 4.1: List of countries in each Data Set  

Underlined means country targeted inflation during sample period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

House Price 
Dataset 

Stock Price 
Dataset 

Australia  Argentina  Japan 
Belgium  Australia  Jordan 
Canada  Austria  Korea 

Denmark  Belgium Malaysia
Finland  Brazil  Mexico 
France  Canada  Morocco 
Germany  Chile  Netherlands 
Ireland  Hong Kong  New Zealand 

Japan  China Norway
Netherlands  Colombia  Peru 
New Zealand  Czech Republic  Poland 
Norway  Denmark  Russia 

Spain  Egypt Singapore
Sweden  Finland  South Africa 
Switzerland  France  Spain 
UK  Germany  Sri Lanka 
United States  Greece  Sweden 

Hungary Switzerland
Iceland  Thailand 
India  Turkey 
Indonesia  United Kingdom 
Ireland  United States 

Israel
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Table 4.2: List of Inflation Targeting Adoption Dates and Classifications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, countries in the European Monetary Union are classified as inflation 
targeters when using treatment indicator, IT3 for the period 1999-2007. 

IT3 = IT2 + EMU countries 

The U.S. Federal Reserve is classified as an inflation targeter, for the whole sample, 
alongside the EMU countries, when using treatment indicator IT4. 

IT4 = IT2 + EMU countries + U.S. Federal Reserve 

 

  

 

Soft  Strict 
IT1  IT2 

Australia  March  1993 September  1994 
Brazil  June  1999 June  1999 

Canada  February 1991 January 1992 
Chile  January  1991 August  1999 
Colombia  September  1999 October  1999 
Czech Republic  January  1998 January  1998 
Finland  February  1993 January  1994 

Iceland  March 2001 March 2001 
Indonesia  July  2005 July  2005 
Israel  January  1992 June  1997 
Korea  April  1998 April  1998 

Mexico  January 1999 January 2001 
New Zealand  March  1990 March  1990 
Norway  March  2001 March  2001 
Peru  January  2002 January  2002 
Poland  September  1998 September  1998 

South Africa  February 2000 February 2000 
Spain  January  1995 January  1995 
Sweden  January  1993 January  1993 
Switzerland  January  2000 January  2000 
Thailand  May  2000 May  2000 

Turkey  January 2006 January 2006 
United Kingdom  October  1992 October  1992 

From Rose 
(2007) 
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Table 4.3: Global Financial Development Indicators 

 

      Financial Markets             

                      

Depth     Stock market capitalization plus outstanding domestic  

      private debt securities to GDP    

      Private debt securities to GDP    

      Public debt securities to GDP    

      International debt securities to GDP    

      Stock market capitalization to GDP    

      Stocks traded to GDP    

        

Efficiency  Turnover ratio (turnover/capitalization) for stock market 

      Price synchronicity (co‐movement)    

      Private information trading    

      Price impact    

      Liquidity/transaction costs    

      Quoted bid‐ask spread for government bonds    

      Turnover of bonds (private, public) on securities exchange 

      Settlement efficiency    

                      

Stability     Volatility (standard deviation / average) of stock price  

      index, sovereign bond index    

      Skewness of the index (stock price, sovereign bond) 

      Vulnerability to earnings manipulation    

      Price/earnings ratio    

      Duration    

      Ratio of short‐term to total bonds (domestic, int’l)    

      Correlation with major bond returns (German, U.S.)    

                      

Bold indicates measures I have included 

 

From Čihák et al, (2012). 
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Table 4.4: Model Specifications, Real House Prices  

      Variable name  Variable description       

     

     

Dependent Variables  IT1, IT2 IT3 andIT4  Dummies for periods of inflation targeting 

                         

Independent Variables             

   rgdpg  Real GDP Growth    

   inf  Inflation    

   mir  Market Interest Rate    

   cri  Crisis Dummies    

   fixer  Fixed Exchange Rate Dummies    

   rent  Residential Property Rent Index    

   sav  Net Saving ( % GDP)    

   crd  Domestic Credit to Private Sector ( % GDP)    

     

Also included in Post 1990   smcap  Stock Market Capitalisation( % GDP)    

Development model  smtr  Stock Market Turnover Ratio (%)    

   smvol  Stock Market Volatility    

     

                         

Outcome Variables    

   rhpg  Real House Price Growth    

     

   rhpvol  Real House Price Volatility    
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Table 4.5: House Price Dataset   

   Variable  Definition     Source      
                            

Treatment  IT1  
IT2 

Strict Inflation Targeting Dummy
Soft   Inflation Targeting Dummy 

Rose (2007) see Table 4.2 for details
  

Indicators  IT3  IT2 plus also treats the ECB as an inflation targeter 1999‐2006.   
   IT4  As IT3, but also treats Fed as inflation targeter during Bernanke‐Greenspan era

  
     (1987‐2013)    

Controls  rgdpg  Real GDP growth, seasonally adjusted IFS statistics
  

   pcpi  Inflation, percentage change from previous year IFS statistics
  

   mir  Money market interest rate IFS statistics
  

  fixer  Fixed exchange rate dummy Reinhart and Rogoff Exchange Rate Classification  
First 2 categories are considered fixed exchange rate regimes 

 

  cri  Crisis dummy  Laeven and Valencia (2012)
  

   rent  Residential property rent index OECD Economic Indicators subsection of the CPI:

          

  
crd  Domestic credit to private sector, as a percentage of GDP Global Financial Development Database

  

   sav   Net saving to GDP, percentage ratio OECD, National Accounts 
  

Development 
Model 

smtr  Stock Market Turnover Ratio Global Financial Development Database
  

   smvol  Stock Market Volatility Global Financial Development Database   

   smc  Stock market Capitalisation to GDP Global Financial Development Database   

Outcome  rhpvol  Real house price volatility Both from Residential property price (long) series,

Variables  rhpg  Real house price growth BIS (Bank of International Settlements)   

The dataset comprises annual data from a panel of 17 countries, covering the period 1980-2012.
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Table 4.6: Probit Regression Results: House Prices Baseline Dataset 1980‐2012 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rent  0.0383  0.0070  5.4451  0.0365 0.0071  5.1631  0.0340  0.0064  5.3024  0.0211 0.0061  3.4348 

rgdpg  0.0454  0.0277  1.6379  0.0630 0.0276  2.2856  0.0963  0.0300  3.2122  0.1255 0.0300  4.1862 

sav  ‐0.0401  0.0179  ‐2.2419  ‐0.0291 0.0180  T‐stat  ‐0.0085  0.0171  ‐0.4981  ‐0.0578 0.0168  ‐3.4321 

crd  ‐0.0125  0.0024  ‐5.2022  ‐0.0114 0.0024  ‐4.7202  ‐0.0131  0.0021  ‐6.3206  ‐0.0090 0.0020  ‐4.5135 

inf  ‐0.1244  0.0557  ‐2.2348  ‐0.1414 0.0572  ‐2.4721  ‐0.0284  0.0477  ‐0.5944  0.0353 0.0452  0.7794 

mir  0.0227  0.0388  0.5843  0.0199 0.0397  0.5004  ‐0.0975  0.0373  ‐2.6126  ‐0.1630 0.0381  ‐4.2846 

cri  0.2437  0.3540  0.6885  ‐0.0870 0.3749  ‐0.2322  0.0214  0.3398  0.0629  0.0614 0.3348  0.1835 

fixer  ‐1.5255  0.1809  ‐8.4325  ‐1.5101 0.1829  ‐8.2588  ‐0.7619  0.1493  ‐5.1037  ‐0.9383 0.1466  ‐6.3994 

constant  ‐1.2265  0.6436  ‐1.9056  ‐1.3312 0.6540  ‐2.0355  ‐0.7624  0.5959  ‐1.2795  0.4996 0.5855  0.8532 

Number of obs.  469  469 469  469

Pseudo R2        0.2758  0.2754 0.2299  0.2465

                                               

 

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.7: Probit Regression Results: House Prices Baseline Dataset 1990‐2012 

 

      IT1           IT2           IT3           IT4    

                                   

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rent  0.0206  0.0081  2.5427  0.0193  0.0081  2.3788  0.0146  0.0075  1.9624  ‐0.0015  0.0077  ‐0.1888 

rgdpg  0.0254  0.0296  0.8578  0.0461  0.0291  1.5870  0.0679  0.0310  2.1920  0.0911  0.0320  2.8500 

sav  ‐0.0199  0.0188  ‐1.0591  ‐0.0087  0.0190  ‐0.4583  0.0126  0.0183  0.6895  ‐0.0336  0.0182  ‐1.8533 

crd  ‐0.0103  0.0025  ‐4.1694  ‐0.0090  0.0025  ‐3.6486  ‐0.0113  0.0021  ‐5.3190  ‐0.0073  0.0021  ‐3.4951 

inf  ‐0.0762  쒰.0634  ‐1.2019  ‐0.1044  0.0646  ‐1.6176  0.0305  0.0583  0.5237  0.1210  0.0599  2.0210 

mir  0.0239  0.0405  0.5889  0.0218  0.0413  0.5286  ‐0.1048  0.0400  ‐2.6221  ‐0.1796  0.0426  ‐4.2136 

cri  0.2211  0.3678  0.6011  ‐0.1195  0.3886  ‐0.3076  0.0080  0.3511  0.0228  ‐0.1042  0.3551  ‐0.2934 

fixer  ‐1.5677  0.1807  ‐8.6763  ‐1.5506  0.1824  ‐8.5018  ‐0.8428  0.1564  ‐5.3891  ‐1.0645  0.1572  ‐6.7701 

constant  ‐0.1270  0.7361  ‐0.1726  ‐0.2834  0.7424  ‐0.3818  0.5854  0.6925  0.8454  2.1426  0.7307  2.9321 

Number of obs.  355  355 355  355

Pseudo R2        0.2216  0.2215 0.1371  0.1698

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.8: Probit Regression Results: House Prices Baseline Dataset 1990‐2006 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rent  0.0182  0.0103  1.7586  0.0119 0.0103  1.1504  0.0361  0.0101  3.5675  0.0191 0.0101  1.8860 

rgdpg  0.0358  0.0333  1.0762  0.0592 0.0324  1.8290  0.0831  0.0398  2.0893  0.0999 0.0403  2.4786 

sav  ‐0.0479  0.0216  ‐2.2190  ‐0.0333 0.0218  ‐1.5263  ‐0.0292  0.0213  ‐1.3721  ‐0.0738 0.0213  ‐3.4651 

crd  ‐0.0096  0.0028  ‐3.4156  ‐0.0082 0.0028  ‐2.8912  ‐0.0138  0.0026  ‐5.3290  ‐0.0092 0.0025  ‐3.6414 

inf  ‐0.1431  0.0871  ‐1.6427  ‐0.2139 0.0911  ‐2.3495  0.1016  0.0771  1.3183  0.2061 0.0775  2.6585 

mir  0.0031  0.0452  0.0682  0.0065 0.0464  0.1407  ‐0.1541  0.0465  ‐3.3141  ‐0.2248 0.0494  ‐4.5548 

cri  0.3989  0.5216  0.7649  ‐0.2317 0.5763  ‐0.4021  0.1812  0.5013  0.3615  ‐0.1866 0.5113  ‐0.3650 

fixer  ‐1.3086  0.1960  ‐6.6776  ‐1.3082 0.1991  ‐6.5711  ‐0.4733  0.1757  ‐2.6931  ‐0.7186 0.1773  ‐4.0528 

constant  0.3138  0.8976  0.3496  0.5469 0.9102  0.6009  ‐0.5306  0.8616  ‐0.6158  1.0041 0.8896  1.1288 

Number of obs.  279  279 279  279

Pseudo R2        0.188  0.1881 0.1581  0.1799

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.9: Probit Regression Results: House Prices Baseline Dataset 1980‐2006 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rent  0.0401  0.0087  4.6289  0.0348 0.0086  4.0641  0.0547  0.0088  6.2145  0.0397 0.0082  4.8598 

rgdpg  0.0491  0.0315  1.5576  0.0695 0.0310  2.2454  0.1055  0.0382  2.7581  0.1330 cial  3.5444 

sav  ‐0.0702  0.0207  ‐3.3970  ‐0.0568 0.0208  ‐2.7354  ‐0.0487  0.0202  ‐2.4145  ‐0.0992 0.0200  ‐4.9714 

crd  ‐0.0123  0.0027  ‐4.4845  ‐0.0110 0.0027  ‐4.0298  ‐0.0158  0.0025  ‐6.2267  ‐0.0106 0.0024  ‐4.4209 

inf  ‐0.1442  0.0751  ‐1.9209  ‐0.1914 0.0781  ‐2.4523  0.0627  0.0622  1.0077  0.1273 0.0562  2.2629 

mir  ‐0.0001  0.0438  ‐0.0021  0.0025 0.0450  0.0564  ‐0.1538  0.0441  ‐3.4889  ‐0.2147 0.0442  ‐4.8559 

cri  0.3905  0.4903  0.7965  ‐0.2018 0.5362  ‐0.3764  0.2576  0.4827  0.5336  0.2411 0.4719  0.5108 

fixer  ‐1.2823  0.1964  ‐6.5290  ‐1.2682 0.1984  ‐6.3910  ‐0.4412  0.1704  ‐2.5888  ‐0.6444 0.1674  ‐3.8492 

constant  ‐1.0578  0.7616  ‐1.3889  ‐0.9141 0.7686  ‐1.1894  ‐1.6959  0.7502  ‐2.2607  ‐0.3585 0.7173  ‐0.4998 

Number of obs.  393  393 393  393

Pseudo R2        0.2724  0.2644 0.3124  0.3195

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.10: Probit Regression Results, Dev Model 1990‐2012 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rent  0.0260  0.0092  2.8206  0.0260 0.0092  2.8206  0.0131  0.0092  2.8206  ‐0.0093 0.0092  2.8206 

rgdpg  0.0191  0.0326  0.5843  0.0344 0.0326  0.5843  0.0796  0.0326  0.5843  0.0925 0.0326  0.5843 

sav  ‐0.0126  0.0216  0.5849  ‐0.0027 0.0216  0.5849  0.0128  0.0216  0.5849  ‐0.0414 0.0216  0.5849 

crd  ‐0.0147  0.0029  5.1620  ‐0.0131 0.0029  5.1620  ‐0.0149  0.0029  5.1620  ‐0.0115 0.0029  5.1620 

inf  ‐0.0747  0.0762  0.9808  ‐0.0811 0.0762  0.9808  0.0572  0.0762  0.9808  0.1289 0.0762  0.9808 

mir  0.0476  0.0488  0.9768  0.0504 0.0488  0.9768  ‐0.0591  0.0488  0.9768  ‐0.1177 0.0488  0.9768 

cri  0.6818  0.4380  1.5566  0.0948 0.4380  1.5566  0.2117  0.4380  1.5566  0.0346 0.4380  1.5566 

fixer  ‐1.9843  0.2218  8.9463  ‐1.8930 0.2218  8.9463  ‐1.0932  0.2218  8.9463  ‐1.3042 0.2218  8.9463 

smvol  ‐0.0222  0.0137  1.6266  ‐0.0256 0.0137  1.6266  0.0332  0.0137  1.6266  0.0275 0.0137  1.6266 

smtr  ‐0.0062  0.0020  3.0783  ‐0.0054 0.0020  3.0783  ‐0.0039  0.0020  3.0783  0.0010 0.0020  3.0783 

smcap  0.0084  0.0021  4.0174  0.0086 0.0021  4.0174  0.0092  0.0021  4.0174  0.0117 0.0021  4.0174 

constant  0.1855  0.8591  0.2160  ‐0.1908 0.8591  0.2160  ‐0.0245  0.8591  0.2160  1.6991 0.8591  0.2160 

Number of 
obs  330  330 330  330

Pseudo R2  0.3789  0.3659 0.2455  0.2971

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.11: Probit Regression Results, Dev Model 1990‐2006 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rent  0.0162  0.0092  2.8206  0.0149 0.0092  2.8206  0.0340  0.0092  2.8206  0.0099 0.0092  2.8206 

rgdpg  0.0410  0.0326  0.5843  0.0548 0.0326  0.5843  0.1100  0.0326  0.5843  0.1234 0.0326  0.5843 

sav  ‐0.0105  0.0216  0.5849  0.0000 0.0216  0.5849  ‐0.0278  0.0216  0.5849  ‐0.0850 0.0216  0.5849 

crd  ‐0.0151  0.0029  5.1620  ‐0.0137 0.0029  5.1620  ‐0.0190  0.0029  5.1620  ‐0.0138 0.0029  5.1620 

inf  ‐0.2018  0.0762  0.9808  ‐0.2028 0.0762  0.9808  0.1233  0.0762  0.9808  0.2211 0.0762  0.9808 

mir  0.0422  0.0488  0.9768  0.0426 0.0488  0.9768  ‐0.1045  0.0488  0.9768  ‐0.1591 0.0488  0.9768 

cri  1.1818  0.4380  1.5566  0.0027 0.4380  1.5566  0.4097  0.4380  1.5566  0.2177 0.4380  1.5566 

fixer  ‐1.7890  0.2218  8.9463  ‐1.7112 0.2218  8.9463  ‐0.7329  0.2218  8.9463  ‐1.0081 0.2218  8.9463 

smvol  ‐0.0299  0.0137  1.6266  ‐0.0340 0.0137  1.6266  0.0568  0.0137  1.6266  0.0555 0.0137  1.6266 

smtr  ‐0.0063  0.0020  3.0783  ‐0.0062 0.0020  3.0783  ‐0.0029  0.0020  3.0783  0.0033 0.0020  3.0783 

smcap  0.0081  0.0021  4.0174  0.0083 0.0021  4.0174  0.0098  0.0021  4.0174  0.0118 0.0021  4.0174 

constant  1.2299  0.8591  0.2160  1.0303 0.8591  0.2160  ‐1.5006  0.8591  0.2160  0.0197 0.8591  0.2160 

Number of 
obs  254  254 254  254

Pseudo R2  0.3416  0.3295 0.2649  0.3163

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.12: Results of Matching, Real House Price Growth, Baseline Model 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  3.9979  3.2721  3.0277  2.8944  5.9453 4.0866 3.7815 2.3937 4.4127 4.6329 3.1562 2.7953 

SE  1.2064  1.0868  0.7326  0.6615  1.8874  1.2191  0.8430  0.9293  1.3105  0.9457  0.7897  0.8465 

Tstat  3.3138  3.0107  4.1329  4.3756  3.1499  3.3522  4.4856  2.5759  3.3672  4.8987  3.9970  3.3022 

1990 ‐ 2012  ATT  3.1403  3.1565  2.9349  3.0601  3.4427 4.2409 3.4073 3.9162 3.2759 3.0959 3.1984 2.9069 

SE  1.2856  1.1162  0.7535  0.7151  1.2215  1.5477  0.8801  1.1490  1.0294  1.1483  0.7396  0.8337 

Tstat  2.4427  2.8280  3.8951  4.2794  2.8185  2.7400  3.8717  3.4084  3.1823  2.6961  4.3243  3.4868 

1990 ‐ 2006  ATT  3.1405  2.8804  2.1341  2.5198  2.7932 0.2739 2.7245 1.9990 2.7464 2.1490 2.0795 2.1065 

SE  1.2192  1.1500  0.8494  0.8221  1.2964  1.2849  0.7370  1.1415  1.2145  1.1670  0.7368  1.0127 

Tstat  2.5759  2.5046  2.5126  3.0652  2.1546  0.2132  3.6969  1.7512  2.2613  1.8415  2.8224  2.0800 

1980 ‐ 2006  ATT  3.8157  2.3934  2.2327  1.9991  5.4872 2.0894 1.6329 1.0500 3.8227 2.7131 2.2604 1.8266 

SE  1.3707  1.1721  0.8388  0.8487  1.7384  1.0004  0.8647  1.0989  1.0784  1.0298  0.7977  0.9110 

Tstat  2.7837  2.0419  2.6618  2.3555  3.1565  2.0886  1.8883  0.9554  3.5450  2.6345  2.8338  2.0050 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust  method 
Results significant at the 5% level are highlighted in bold 
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Table 4.13: Results of Matching, Real House price Volatility, Baseline Model 

                                               

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  ‐0.0063  ‐0.0004  ‐0.0029  0.0000  ‐0.0156  0.0007  ‐0.0081  ‐0.0004  ‐0.0038  ‐0.0002  ‐0.0023  0.0002 

SE  0.0060  0.0049  0.0034  0.0033  0.0128  0.0051  0.0046  0.0042  0.0085  0.0050  0.0038  0.0037 

Tstat  ‐1.0473  ‐0.0800  ‐0.8446  0.0117  1.2208  0.1467  1.7511  0.0884  0.4525  0.0353  0.6018  0.0637 

1990 ‐ 2012  ATT  ‐0.0057  ‐0.0023  ‐0.0031  0.0010  ‐0.0115  0.0019  ‐0.0043  0.0014  ‐0.0078  0.0012  ‐0.0007  0.0024 

SE  0.0055  0.0046  0.0033  0.0031  0.0062  0.0059  0.0053  0.0044  0.0058  0.0055  0.0037  0.0039 

Tstat  ‐1.0272  ‐0.5030  ‐0.9331  0.3284  1.8454  0.3154  0.8091  0.3166  1.3441  0.2175  0.1961  0.6304 

1990 ‐ 2006  ATT  ‐0.0034  ‐0.0035  0.0004  0.0009  ‐0.0059  0.0035  ‐0.0005  ‐0.0019  ‐0.0023  ‐0.0002  0.0000  ‐0.0005 

SE  0.0051  0.0044  0.0031  0.0033  0.0054  0.0043  0.0041  0.0056  0.0051  0.0044  0.0035  0.0040 

Tstat  ‐0.6754  ‐0.7940  0.1413  0.2685  1.1035  0.8073  0.1273  0.3314  0.4572  0.0481  0.0097  0.1218 

1980 ‐ 2006  ATT  ‐0.0092  ‐0.0016  ‐0.0001  0.0033  ‐0.0142  ‐0.0014  ‐0.0044  0.0073  ‐0.0019  0.0028  ‐0.0031  0.0057 

SE  0.0059  0.0045  0.0031  0.0034  0.0130  0.0059  0.0052  0.0038  0.0063  0.0044  0.0038  0.0030 

Tstat  ‐1.5518  ‐0.3573  ‐0.0328  0.9647  1.0907  0.2368  0.8451  1.9298  0.3061  0.6332  0.8083  1.8918 

                                               

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 3 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.14: Results of Matching, Real House Price Growth, Development Model 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1990 ‐ 2012  ATT  7.6401  4.8982  2.4156  3.7882  8.8894 6.1380  3.0439 3.2221  4.7001 6.8757 1.7498  2.8508 

SE  2.5789  2.0080  1.2120  1.2306  3.8906  5.6767  1.3498  2.1498  1.8775  3.4336  1.2481  1.5496 

Tstat  2.9625  2.4393  1.9931  3.0784  2.2848  1.0813  2.2550  1.4988  2.5034  2.0025  1.4020  1.8396 

1990 ‐ 2006  ATT  4.4630  4.4833  1.9582  3.9912  5.7856 4.4966 2.6006 4.3463 4.7077 4.8564 1.2675 3.6866 

SE  2.0882  1.8193  1.2362  1.3535  1.6255  1.2026  1.3794  0.8025  1.8545  1.4724  1.0684  0.8324 

Tstat  2.1372  2.4642  1.5841  2.9488  3.5593  3.7391  1.8853  5.4160  2.5385  3.2983  1.1863  4.4291 

                                              

 

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 2 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.15: Results of Matching, Real House Price Volatility, Development Model 

 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1990 ‐ 2012  ATT  ‐0.0309  ‐0.0022  ‐0.0060  ‐0.0132  ‐0.0401  ‐0.0017  ‐0.0037  ‐0.0120  ‐0.0122  ‐0.0170  ‐0.0091  ‐0.0064 

SE  0.0158  0.0130  0.0060  0.0089  0.0287  0.0402  0.0051  0.0125  0.0168  0.0182  0.0048  0.0111 

Tstat  ‐1.9523  ‐0.1709  ‐1.0062  ‐1.4939  1.4002  0.0412  0.7205  0.9611  0.7266  0.9298  1.9039  0.5749 

1990 ‐ 2006  ATT  ‐0.0098  ‐0.0054  0.0025  ‐0.0054  ‐0.0166  ‐0.0020  ‐0.0013  ‐0.0041  ‐0.0107  ‐0.0015  0.0037  ‐0.0012 

SE  0.0125  0.0093  0.0052  0.0077  0.0151  0.0044  0.0053  0.0148  0.0150  0.0067  0.0053  0.0094 

Tstat  ‐0.7862  ‐0.5744  0.4778  ‐0.7020  1.0996  0.4575  0.2501  0.2758  0.7158  0.2190  0.6978  0.1253 

                                              

 

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 2 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.16: Results of Matching, Without Outliers, Real House Price Growth, Baseline Model 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  3.3036 3.0148 3.0200 3.1496 2.4973 4.1498 2.6139 2.4471 3.5098 3.3147 2.5720 3.3212
SE  1.0011  0.9220  0.7389  0.6445  0.9302  1.0294  0.9721  0.9528  0.9559  0.9976  0.8207  0.8034 

Tstat  3.2999  3.2698  4.0870  4.8871  2.6847  4.0313  2.6890  2.5682  3.6718  3.3226  3.1339  4.1339 

1990 ‐ 2012  ATT  2.6569 3.0592 2.9075 3.2244 4.0480 2.9008 3.6076 4.2812 3.1286 3.0383 3.6608 3.2039
SE  1.1098  1.0819  0.7536  0.6950  1.3551  1.3331  0.8433  1.0642  1.0176  1.0033  0.7422  0.7829 

Tstat  2.3940  2.8276  3.8582  4.6393  2.9872  2.1760  4.2780  4.0228  3.0746  3.0284  4.9326  4.0925 

1990 ‐ 2006  ATT  3.1438 2.7211 2.1028 2.4713 3.7742 3.9612 2.9034 1.0227 2.7832 2.6487 2.0559 1.8795
SE  1.1360  1.0603  0.7958  0.8539  1.3689  1.4850  0.8959  1.1369  1.1827  0.9976  0.8213  0.9001 

Tstat  2.7674  2.5663  2.6425  2.8940  2.7572  2.6675  3.2407  0.8995  2.3532  2.6552  2.5032  2.0880 

1980 ‐ 2006  ATT  2.4594 2.5223 2.1159 2.1205 2.3827 1.5738 1.9547 2.9092 2.5839 2.7826 2.0367 2.1041
SE  1.1578  1.0979  0.8570  0.8628  0.9492  0.9950  0.8944  1.1122  0.8331  0.9253  0.7734  0.8994 

Tstat  2.1243  2.2973  2.4689  2.4576  2.5103  1.5817  2.1855  2.6156  3.1017  3.0071  2.6335  2.3393 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.17: Results of Matching, Without Outliers, Real House Price Growth, Development Model 

 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1990 ‐ 2012  ATT  3.2422 3.3816 2.2872 4.0179 3.5413 3.0875 2.6484  3.5891  3.7007 4.1565 1.8684  2.6212 

SE  1.4065  1.3492  1.1664  1.2741  1.3498  1.3416  1.8826  2.1077  1.0953  1.2707  1.1946  1.6438 

Tstat  2.3052  2.5064  1.9609  3.1536  2.6236  2.3014  1.4068  1.7029  3.3786  3.2711  1.5640  1.5946 

1990 ‐ 2006  ATT  3.3792 3.3478 1.9928 3.9624 3.7232 4.2451 2.1031  3.8444 4.3871 3.9976 1.2690  3.6921

SE  1.4886  1.3526  1.2851  1.3791  1.0347  0.9932  1.3789  0.7483  1.6797  0.9570  1.0923  0.8414 

Tstat  2.2699  2.4750  1.5507  2.8731  3.5983  4.2742  1.5251  5.1376  2.6119  4.1773  1.1618  4.3881 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 2 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.18: Results of Matching, Without Outliers, Real House Price Volatility, Baseline Model 

                                             

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  ‐0.0035  ‐0.0003  ‐0.0011  ‐0.0008  ‐0.0039  ‐0.0030  0.0042  0.0002  ‐0.0063  ‐0.0015  ‐0.0010  ‐0.0023 

SE  0.0060  0.0047  0.0034  0.0032  0.0065  0.0055  0.0052  0.0041  0.0090  0.0044  0.0037  0.0038 

Tstat  0.5801  0.0606  0.3174  0.2499  0.6092  0.5366  0.8007  0.0426  0.7016  0.3454  0.2775  0.5906 

1990 ‐ 2012  ATT  ‐0.0060  ‐0.0028  ‐0.0036  0.0010  ‐0.0117  ‐0.0017  ‐0.0045  0.0052  ‐0.0077  ‐0.0045  ‐0.0022  0.0027 

SE  0.0053  0.0048  0.0033  0.0034  0.0065  0.0064  0.0052  0.0042  0.0056  0.0056  0.0038  0.0039 

Tstat  1.1436  0.5850  1.0933  0.3043  1.8067  0.2686  0.8636  1.2384  1.3830  0.8128  0.5690  0.6945 

1990 ‐ 2006  ATT  ‐0.0051  ‐0.0035  0.0002  0.0008  ‐0.0055  0.0010  ‐0.0027  ‐0.0018  ‐0.0033  ‐0.0053  0.0013  0.0006 

SE  0.0051  0.0038  0.0032  0.0032  0.0078  0.0047  0.0041  0.0051  0.0051  0.0051  0.0032  0.0040 

Tstat  1.0007  0.9187  0.0693  0.2522  0.6976  0.2049  0.6658  0.3430  0.6504  1.0421  0.4150  0.1510 

1980 ‐ 2006  ATT  ‐0.0063  ‐0.0023  ‐0.0010  0.0031  ‐0.0124  ‐0.0009  ‐0.0035  0.0062  ‐0.0013  ‐0.0017  ‐0.0010  0.0050 

SE  0.0059  0.0048  0.0031  0.0034  0.0133  0.0096  0.0059  0.0035  0.0064  0.0055  0.0037  0.0033 

Tstat  1.0720  0.4797  0.3314  0.9142  0.9317  0.0944  0.5987  1.7641  0.2044  0.3124  0.2564  1.5349 

                                             

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.19: Results of Matching, Without Outliers, Real House Price Volatility, Development Model 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1990 ‐ 2012  ATT  ‐0.0278  ‐0.0005  ‐0.0064  ‐0.0120  ‐0.0345  ‐0.0104  ‐0.0031  ‐0.0129  ‐0.0151  ‐0.0192  ‐0.0098  ‐0.0048 

SE  0.0166  0.0144  0.0061  0.0091  0.0264  0.0387  0.0051  0.0131  0.0193  0.0222  0.0047  0.0114 

Tstat  1.6789  0.0369  1.0491  1.3267  1.3058  0.2700  0.6033  0.9878  0.7866  0.8666  2.0663  0.4223 

1990 ‐ 2006  ATT  ‐0.0101  ‐0.0050  0.0027  ‐0.0048  ‐0.0097  ‐0.0025  0.0022  ‐0.0045  ‐0.0122  ‐0.0012  0.0034  ‐0.0010 

SE  0.0129  0.0093  0.0053  0.0080  0.0098  0.0056  0.0063  0.0139  0.0143  0.0064  0.0059  0.0094 

Tstat  0.7838  0.5347  0.4989  0.5966  0.9868  0.4507  0.3508  0.3262  0.8497  0.1833  0.5754  0.1026 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 2 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.20: Country Exclusions, Real House Price Growth, Baseline Model 

Country Excluded   1980-2012     1990-2012     1990-2006     1980-2006   
                                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed
            
Australia Coeff. 5.4781 2.4265 3.2327 2.8810 2.9788 3.1611 2.8491 2.9851 2.8102 2.9611 1.9867 2.2768 4.2833 2.2413 2.1576 2.1741 

  Std. Err. 1.4322 1.1766 0.7711 0.7033 1.3940 1.2822 0.7472 0.7546 1.4398 1.2734 0.8320 0.8520 1.5277 1.3358 0.8935 0.8818 

  T-stat 3.8250 2.0623 4.1924 4.0962 2.1369 2.4654 3.8132 3.9560 1.9518 2.3254 2.3879 2.6724 2.8037 1.6778 2.4148 2.4656 

            

Belgium Coeff. 3.2238 3.0895 3.3145 2.9086 2.8566 2.6199 2.8037 3.1328 2.4720 2.5383 1.9823 2.5028 2.1964 1.8893 2.0387 1.9091 

  Std. Err. 1.2265 1.0148 0.7993 0.6965 1.3010 1.1174 0.7892 0.7652 1.2389 1.1402 0.8622 0.8193 1.2655 1.1323 0.8597 0.8803 

  T-stat 2.6283 3.0444 4.1469 4.1761 2.1957 2.3446 3.5526 4.0943 1.9953 2.2262 2.2991 3.0549 1.7356 1.6685 2.3713 2.1688 

            

Canada Coeff. 4.2181 3.4036 3.0162 3.2309 4.2673 2.5295 3.3623 3.3343 3.6218 3.5211 2.6546 3.0354 3.2226 4.1869 2.1851 2.4024 

  Std. Err. 1.6103 1.3332 0.8014 0.6775 1.6587 1.4246 0.8615 0.7291 1.6235 1.4224 0.8831 0.8731 1.5935 1.5147 0.9136 0.8269 

  T-stat 2.6194 2.5529 3.7638 4.7686 2.5726 1.7756 3.9027 4.5733 2.2308 2.4755 3.0061 3.4766 2.0224 2.7641 2.3918 2.9052 

            

Denmark Coeff. 4.6571 3.2351 3.2530 3.1740 2.8660 3.1119 3.2564 3.5635 2.7507 2.9695 2.4215 3.6357 4.3071 2.0670 2.4973 3.2706 

  Std. Err. 1.2637 1.0678 0.7606 0.6834 1.2728 1.1561 0.7855 0.7336 1.2190 1.1448 0.8821 0.8439 1.3415 1.2158 0.9433 0.8687 

  T-stat 3.6855 3.0297 4.2769 4.6446 2.2517 2.6918 4.1457 4.8578 2.2565 2.5940 2.7452 4.3084 3.2107 1.7002 2.6475 3.7650 

            

Finland Coeff. 3.1715 2.9226 2.9187 3.2353 3.0549 3.3693 2.8596 3.1147 3.5233 3.3629 2.0221 2.9378 2.1923 2.2479 1.9741 2.2409 

  Std. Err. 1.0618 1.0623 0.7354 0.6800 1.3312 1.1857 0.8130 0.7716 1.2468 1.1633 0.8982 0.8817 1.1733 1.1920 0.8928 0.8587 

  T-stat 2.9870 2.7513 3.9687 4.7579 2.2948 2.8417 3.5173 4.0366 2.8259 2.8908 2.2514 3.3318 1.8685 1.8858 2.2113 2.6096 

            

France Coeff. 3.3711 3.0864 2.9812 2.8895 3.2313 3.0567 2.6578 2.7910 3.0472 2.9451 1.8079 2.2844 3.6744 2.5077 1.9536 1.7940 

  Std. Err. 1.2104 1.0148 0.7942 0.6989 1.2473 1.1590 0.7873 0.7331 1.2539 1.1545 0.8516 0.8674 1.2676 1.2043 0.9027 0.9122 

  T-stat 2.7851 3.0413 3.7538 4.1344 2.5907 2.6374 3.3758 3.8072 2.4302 2.5510 2.1230 2.6335 2.8988 2.0823 2.1642 1.9668 
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Table 4.21: Country Exclusions, Real House Price Growth, Baseline Model Continued 

Country Excluded   1980-2012     1990-2012     1990-2006     1980-2006   
                                    
    it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed
            
Germany Coeff. 2.7391 2.8423 2.5901 2.7381 2.3301 2.8220 2.6191 2.5723 3.8147 2.0150 1.5223 2.3238 2.9243 1.8339 1.9055 1.5529 

  
Std. 
Err. 1.3850 1.1297 0.8235 0.7349 1.5403 1.3358 0.9658 0.8339 1.5712 1.2794 0.8698 0.9103 1.3998 1.2319 0.8998 0.8627 

  T-stat 1.9777 2.5159 3.1452 3.7258 1.5127 2.1126 2.7117 3.0848 2.4279 1.5749 1.7502 2.5526 2.0890 1.4887 2.1176 1.7999 

            

Ireland Coeff. 4.3664 3.0448 3.4624 3.1308 3.1204 3.2551 3.0804 3.0719 3.1299 3.2770 2.6981 3.3426 4.1111 2.8029 2.7029 2.3107 

  
Std. 
Err. 1.2434 1.0908 0.7747 0.6854 1.2523 1.1254 0.7726 0.7327 1.1892 1.1684 0.8525 0.8381 1.3677 1.1892 0.8588 0.8435 

  T-stat 3.5117 2.7913 4.4694 4.5678 2.4916 2.8924 3.9870 4.1924 2.6318 2.8048 3.1651 3.9881 3.0058 2.3569 3.1472 2.7395 

            

Japan Coeff. 3.5547 2.7174 2.4409 3.5882 2.5027 2.2906 2.1984 2.6073 2.7217 2.5520 0.7649 2.1038 2.4778 2.6031 0.6794 1.6141 

  
Std. 
Err. 1.3270 1.3074 0.8306 0.7852 1.4631 1.2521 0.8428 0.8933 1.4298 1.3307 0.9280 1.1560 1.5429 1.3531 0.9321 1.1448 

  T-stat 2.6787 2.0785 2.9387 4.5699 1.7105 1.8294 2.6085 2.9188 1.9036 1.9177 0.8243 1.8200 1.6059 1.9238 0.7289 1.4100 

            

Netherlands Coeff. 3.7315 3.2613 3.1751 2.6979 3.1267 3.2263 2.8425 2.8395 3.0783 3.1648 2.2209 2.5214 3.7436 2.4983 2.0746 1.9364 

  
Std. 
Err. 1.2007 1.0288 0.7520 0.7001 1.3138 1.1280 0.7727 0.7765 1.2413 1.1556 0.8312 0.8459 1.3410 1.1770 0.9061 0.8560 

  T-stat 3.1078 3.1700 4.2219 3.8533 2.3800 2.8602 3.6786 3.6566 2.4800 2.7386 2.6718 2.9805 2.7917 2.1226 2.2896 2.2621 

            

New  Coeff. 2.8211 2.9569 3.0186 2.7439 2.3835 1.7115 2.4449 2.9457 2.4343 2.2339 1.9302 2.3171 2.7325 2.2385 1.9826 1.8899 

Zealand 
Std. 
Err. 1.2231 1.0648 0.6995 0.6829 1.2088 1.0619 0.7943 0.7388 1.2154 1.0511 0.8265 0.8166 1.2719 1.1392 0.8110 0.8643 

  T-stat 2.3066 2.7771 4.3153 4.0178 1.9718 1.6117 3.0780 3.9873 2.0028 2.1253 2.3353 2.8374 2.1484 1.9650 2.4448 2.1866 

            

Norway Coeff. 5.9010 3.7831 3.1812 3.6815 2.8897 3.1953 4.0257 3.7663 4.3910 4.1823 2.7328 3.2933 4.2717 4.4134 2.8413 2.4422 

  
Std. 
Err. 1.3881 1.2069 0.7430 0.6954 1.3684 1.2379 0.8634 0.7228 1.3375 1.2924 0.9186 0.8899 1.4714 1.2853 0.9223 0.9564 

  T-stat 4.2512 3.1347 4.2813 5.2943 2.1118 2.5812 4.6627 5.2107 3.2829 3.2360 2.9748 3.7007 2.9031 3.4337 3.0805 2.5537 
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Table 4.22: Country Exclusions, Real House Price Growth, Baseline Model Continued 

 

Country Excluded   1980-2012     1990-2012     1990-2006     1980-2006   
                                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed
            
Spain Coeff. 4.4156 3.8879 2.8328 3.0708 5.8468 4.0639 2.8132 3.2445 4.1280 4.0733 1.9810 2.2962 3.3023 3.0131 2.4341 2.0363 

  
Std. 
Err. 1.3057 1.0649 0.8129 0.6888 1.3196 1.1144 0.7884 0.7207 1.2769 1.2274 0.8837 0.8648 1.4171 1.2556 0.8848 0.9110 

  T-stat 3.3818 3.6510 3.4846 4.4579 4.4308 3.6467 3.5684 4.5021 3.2327 3.3186 2.2416 2.6551 2.3304 2.3997 2.7510 2.2353 

            

Sweden Coeff. 2.4600 2.6015 2.5353 2.9224 2.3237 3.0026 2.8853 3.0539 2.8127 2.6244 2.1388 2.5979 1.3796 1.7890 1.9885 1.6821 

  
Std. 
Err. 1.0611 1.0851 0.7612 0.7274 1.0780 1.1679 0.8173 0.7567 1.1329 1.1970 0.8503 0.8536 1.2546 1.1944 0.8953 0.9357 

  T-stat 2.3184 2.3974 3.3307 4.0178 2.1556 2.5709 3.5302 4.0355 2.4827 2.1926 2.5153 3.0434 1.0996 1.4979 2.2212 1.7977 

            

Switzerland Coeff. 4.1960 3.6697 3.2060 2.9483 2.3855 3.0657 2.9828 3.0995 3.1583 3.4832 2.3111 2.6248 4.9283 3.6147 2.1622 2.0716 

  
Std. 
Err. 1.2438 1.1450 0.8065 0.7174 1.3652 1.1597 0.7830 0.7544 1.3403 1.2693 0.8457 0.8671 1.4439 1.2733 0.8903 0.8917 

  T-stat 3.3737 3.2050 3.9753 4.1095 1.7474 2.6436 3.8093 4.1087 2.3565 2.7443 2.7329 3.0271 3.4133 2.8388 2.4285 2.3232 

            

United  Coeff. 2.5074 2.5204 2.9075 2.7268 3.4088 1.5597 2.1574 2.6645 3.1668 1.9637 1.4485 2.4236 1.9209 1.6179 1.6459 1.9782 

Kingdom 
Std. 
Err. 1.5004 1.1435 0.7906 0.6729 1.5227 1.2768 0.8021 0.7094 1.5768 1.1922 0.8469 0.8806 1.3981 1.2130 0.8672 0.8826 

  T-stat 1.6711 2.2042 3.6774 4.0521 2.2386 1.2215 2.6896 3.7559 2.0083 1.6470 1.7104 2.7521 1.3739 1.3338 1.8980 2.2412 

            

United  Coeff. 3.7700 3.5449 3.0295 3.0295 3.1199 2.7265 2.9865 2.9865 3.9421 3.3403 2.4378 2.4378 2.7641 3.6437 2.5205 2.5205 

States 
Std. 
Err. 1.1021 0.9673 0.7247 0.6818 1.1132 1.0192 0.7980 0.7446 1.1616 1.1392 0.8641 0.8541 1.2864 1.1583 0.8990 0.8892 

  T-stat 3.4207 3.6646 4.1801 4.4435 2.8028 2.6752 3.7427 4.0107 3.3936 2.9321 2.8212 2.8541 2.1486 3.1457 2.8037 2.8345 
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Table 4.23: Country Exclusions, Real House Price Volatility, Baseline Model  

Country Excluded   1980-2012     1990-2012     1990-2006     1980-2006   
                                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
            
Australia Coeff. -0.0147 -0.0007 -0.0036 -0.0001 -0.0013 -0.0005 -0.0037 0.0018 0.0009 0.0018 0.0023 0.0016 -0.0078 0.0033 0.0027 0.0033 

  Std. Err. 0.0072 0.0056 0.0037 0.0033 0.0062 0.0051 0.0035 0.0035 0.0061 0.0046 0.0033 0.0034 0.0071 0.0056 0.0031 0.0036 

  T-stat 2.0474 0.0007 0.0036 0.0001 0.0013 0.0005 0.0037 0.0018 0.0009 0.0018 0.0023 0.0016 0.0078 0.0033 0.0027 0.0033 

            

Belgium Coeff. -0.0003 0.0021 -0.0036 0.0011 -0.0038 -0.0022 -0.0017 0.0012 -0.0030 -0.0018 0.0009 0.0014 -0.0025 0.0000 0.0000 0.0030 

  Std. Err. 0.0057 0.0047 0.0037 0.0033 0.0054 0.0044 0.0034 0.0034 0.0051 0.0039 0.0032 0.0033 0.0054 0.0043 0.0033 0.0037 

  T-stat 0.0529 0.0021 0.0036 0.0011 0.0038 0.0022 0.0017 0.0012 0.0030 0.0018 0.0009 0.0014 0.0025 0.0000 0.0000 0.0030 

            

Canada Coeff. -0.0088 -0.0026 -0.0030 -0.0019 -0.0102 -0.0032 -0.0061 0.0001 -0.0076 -0.0055 -0.0005 -0.0011 -0.0010 -0.0030 0.0015 0.0019 

  Std. Err. 0.0075 0.0057 0.0036 0.0032 0.0065 0.0059 0.0037 0.0035 0.0067 0.0056 0.0036 0.0035 0.0074 0.0056 0.0035 0.0036 

  T-stat 1.1779 0.0026 0.0030 0.0019 0.0102 0.0032 0.0061 0.0001 0.0076 0.0055 0.0005 0.0011 0.0010 0.0030 0.0015 0.0019 

            

Denmark Coeff. -0.0106 -0.0010 -0.0054 -0.0010 -0.0049 -0.0023 -0.0055 0.0000 -0.0010 -0.0029 0.0009 -0.0026 -0.0122 -0.0008 0.0007 -0.0002 

  Std. Err. 0.0063 0.0050 0.0035 0.0033 0.0052 0.0047 0.0033 0.0033 0.0054 0.0046 0.0037 0.0037 0.0059 0.0048 0.0035 0.0036 

  T-stat 1.6787 0.0010 0.0054 0.0010 0.0049 0.0023 0.0055 0.0000 0.0010 0.0029 0.0009 0.0026 0.0122 0.0008 0.0007 0.0002 

            

Finland Coeff. -0.0044 -0.0014 -0.0021 0.0007 -0.0036 -0.0039 -0.0031 0.0017 -0.0054 -0.0024 -0.0006 0.0000 -0.0042 -0.0046 0.0005 0.0022 

  Std. Err. 0.0050 0.0048 0.0038 0.0032 0.0053 0.0046 0.0035 0.0035 0.0050 0.0043 0.0033 0.0037 0.0047 0.0044 0.0033 0.0034 

  T-stat 0.8793 0.0014 0.0021 0.0007 0.0036 0.0039 0.0031 0.0017 0.0054 0.0024 0.0006 0.0000 0.0042 0.0046 0.0005 0.0022 

            

France Coeff. -0.0026 -0.0014 -0.0051 -0.0004 -0.0059 -0.0022 -0.0028 0.0015 -0.0033 -0.0032 0.0004 0.0014 -0.0068 -0.0015 -0.0012 0.0035 

  Std. Err. 0.0062 0.0048 0.0039 0.0034 0.0055 0.0049 0.0034 0.0033 0.0054 0.0042 0.0034 0.0035 0.0057 0.0047 0.0033 0.0036 

  T-stat 0.4126 0.0014 0.0051 0.0004 0.0059 0.0022 0.0028 0.0015 0.0033 0.0032 0.0004 0.0014 0.0068 0.0015 0.0012 0.0035 
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Table 4.24: Country Exclusions, Real House Price Volatility, Baseline Model Continued 

Country Excluded   1980-2012     1990-2012     1990-2006     1980-2006   
                                    
    it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
            
Germany Coeff. -0.0012 -0.0001 -0.0011 0.0013 -0.0090 -0.0045 -0.0059 -0.0001 -0.0097 -0.0020 0.0031 0.0026 -0.0060 -0.0011 0.0043 0.0057 

  
Std. 
Err. 0.0067 0.0047 0.0037 0.0035 0.0066 0.0058 0.0045 0.0041 0.0066 0.0047 0.0033 0.0037 0.0063 0.0045 0.0030 0.0033 

  T-stat 0.1803 0.0001 0.0011 0.0013 0.0090 0.0045 0.0059 0.0001 0.0097 0.0020 0.0031 0.0026 0.0060 0.0011 0.0043 0.0057 

            

Ireland Coeff. -0.0076 0.0006 -0.0020 0.0018 -0.0047 -0.0020 -0.0017 0.0026 -0.0016 -0.0012 0.0002 0.0037 -0.0118 -0.0006 0.0017 0.0039 

  
Std. 
Err. 0.0067 0.0050 0.0037 0.0031 0.0052 0.0050 0.0034 0.0033 0.0054 0.0043 0.0034 0.0034 0.0057 0.0048 0.0036 0.0035 

  T-stat 1.1350 0.0006 0.0020 0.0018 0.0047 0.0020 0.0017 0.0026 0.0016 0.0012 0.0002 0.0037 0.0118 0.0006 0.0017 0.0039 

            

Japan Coeff. -0.0111 -0.0065 -0.0070 -0.0083 -0.0087 -0.0051 -0.0065 -0.0052 -0.0043 0.0004 0.0021 -0.0023 -0.0034 -0.0017 0.0020 0.0000 

  
Std. 
Err. 0.0061 0.0053 0.0038 0.0043 0.0059 0.0053 0.0035 0.0040 0.0067 0.0051 0.0032 0.0044 0.0073 0.0059 0.0033 0.0041 

  T-stat 1.8282 0.0065 0.0070 0.0083 0.0087 0.0051 0.0065 0.0052 0.0043 0.0004 0.0021 0.0023 0.0034 0.0017 0.0020 0.0000 

            

Netherlands Coeff. -0.0049 -0.0010 0.0003 0.0022 -0.0063 -0.0030 -0.0031 0.0022 -0.0030 -0.0035 0.0004 0.0017 -0.0091 -0.0020 0.0011 0.0043 

  
Std. 
Err. 0.0064 0.0049 0.0037 0.0032 0.0053 0.0049 0.0033 0.0033 0.0052 0.0041 0.0031 0.0034 0.0057 0.0046 0.0033 0.0037 

  T-stat 0.7576 0.0010 0.0003 0.0022 0.0063 0.0030 0.0031 0.0022 0.0030 0.0035 0.0004 0.0017 0.0091 0.0020 0.0011 0.0043 

            

New  Coeff. -0.0024 -0.0019 -0.0027 0.0004 -0.0023 0.0021 -0.0035 0.0010 -0.0011 0.0007 0.0020 0.0011 -0.0062 -0.0010 0.0010 0.0033 

Zealand 
Std. 
Err. 0.0060 0.0047 0.0034 0.0030 0.0049 0.0044 0.0033 0.0034 0.0051 0.0040 0.0031 0.0033 0.0059 0.0043 0.0029 0.0034 

  T-stat 0.3975 0.0019 0.0027 0.0004 0.0023 0.0021 0.0035 0.0010 0.0011 0.0007 0.0020 0.0011 0.0062 0.0010 0.0010 0.0033 

            

Norway Coeff. -0.0115 0.0024 -0.0005 0.0010 -0.0028 -0.0034 -0.0061 0.0016 -0.0009 -0.0012 0.0015 0.0023 -0.0012 -0.0002 0.0014 0.0050 

  
Std. 
Err. 0.0076 0.0058 0.0036 0.0034 0.0069 0.0060 0.0042 0.0039 0.0076 0.0057 0.0035 0.0036 0.0071 0.0058 0.0038 0.0042 

  T-stat 1.5199 0.0024 0.0005 0.0010 0.0028 0.0034 0.0061 0.0016 0.0009 0.0012 0.0015 0.0023 0.0012 0.0002 0.0014 0.0050 
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Table 4.25: Country Exclusions, Real House Price Volatility, Baseline Model Continued 

 

Country Excluded   1980-2012     1990-2012     1990-2006     1980-2006   
                                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
            
Spain Coeff. -0.0035 0.0005 -0.0013 0.0000 -0.0141 -0.0023 -0.0025 0.0016 -0.0074 -0.0049 0.0004 0.0014 -0.0031 -0.0045 -0.0014 0.0029 

  
Std. 
Err. 0.0069 0.0051 0.0038 0.0034 0.0065 0.0055 0.0035 0.0033 0.0059 0.0046 0.0034 0.0035 0.0065 0.0052 0.0034 0.0036 

  T-stat 0.5049 0.0005 0.0013 0.0000 0.0141 0.0023 0.0025 0.0016 0.0074 0.0049 0.0004 0.0014 0.0031 0.0045 0.0014 0.0029 

            

Sweden Coeff. -0.0012 -0.0019 -0.0025 -0.0009 0.0001 -0.0009 -0.0035 -0.0007 -0.0015 -0.0015 -0.0012 0.0003 0.0007 -0.0009 -0.0010 0.0022 

  
Std. 
Err. 0.0042 0.0042 0.0033 0.0032 0.0045 0.0046 0.0033 0.0036 0.0042 0.0041 0.0030 0.0034 0.0046 0.0046 0.0031 0.0034 

  T-stat 0.2794 0.0019 0.0025 0.0009 0.0001 0.0009 0.0035 0.0007 0.0015 0.0015 0.0012 0.0003 0.0007 0.0009 0.0010 0.0022 

            

Switzerland Coeff. 0.0001 0.0019 -0.0033 0.0017 0.0000 -0.0016 -0.0020 0.0011 0.0001 -0.0010 0.0014 0.0014 -0.0118 -0.0043 0.0016 0.0038 

  
Std. 
Err. 0.0068 0.0057 0.0038 0.0034 0.0060 0.0056 0.0033 0.0035 0.0063 0.0052 0.0034 0.0037 0.0070 0.0058 0.0033 0.0035 

  T-stat 0.0088 0.0019 0.0033 0.0017 0.0000 0.0016 0.0020 0.0011 0.0001 0.0010 0.0014 0.0014 0.0118 0.0043 0.0016 0.0038 

            

United  Coeff. -0.0047 -0.0029 -0.0049 -0.0002 -0.0113 -0.0005 -0.0056 0.0010 -0.0084 -0.0028 0.0011 -0.0012 -0.0033 -0.0034 0.0010 0.0021 

Kingdom 
Std. 
Err. 0.0067 0.0052 0.0035 0.0031 0.0065 0.0056 0.0033 0.0034 0.0066 0.0045 0.0036 0.0036 0.0064 0.0045 0.0032 0.0032 

  T-stat 0.6997 0.0029 0.0049 0.0002 0.0113 0.0005 0.0056 0.0010 0.0084 0.0028 0.0011 0.0012 0.0033 0.0034 0.0010 0.0021 

            

United  Coeff. -0.0011 0.0000 -0.0004 -0.0004 -0.0015 0.0026 0.0012 0.0012 -0.0005 -0.0031 0.0004 0.0004 0.0024 -0.0016 0.0017 0.0017 

States 
Std. 
Err. 0.0051 0.0042 0.0032 0.0030 0.0047 0.0043 0.0032 0.0033 0.0049 0.0041 0.0033 0.0034 0.0056 0.0046 0.0034 0.0034 

  T-stat 0.2256 0.0000 0.0004 0.0004 0.0015 0.0026 0.0012 0.0012 0.0005 0.0031 0.0004 0.0004 0.0024 0.0016 0.0017 0.0017 
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Table 4.26: Country Exclusions, Real House Price Growth, Development Model  

 

Country Excluded   1990-2012     1990-2006   
                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
        
Australia Coeff. 5.5459 4.3596 2.5370 3.1724 5.1381 3.9884 2.2886 3.5789 

  Std. Err. 3.0515 2.2923 1.1496 1.2044 2.7610 2.3304 1.2835 1.3368 

  T-stat 1.8174 1.9018 2.2069 2.6339 1.8610 1.7115 1.7830 2.6772 

        

Belgium Coeff. 5.0157 4.0398 3.7909 4.2635 4.0187 2.6198 1.5867 3.8702 

  Std. Err. 2.6075 1.9532 1.2748 1.3378 2.2977 1.6377 1.1797 1.4341 

  T-stat 1.9235 2.0683 2.9738 3.1870 1.7490 1.5997 1.3450 2.6987 

        

Canada Coeff. 7.7555 6.4374 2.0692 3.6827 4.6075 4.5410 1.9577 3.3472 

  Std. Err. 3.0372 2.5636 1.2942 1.3955 2.5553 2.2127 1.2184 1.3973 

  T-stat 2.5535 2.5111 1.5989 2.6390 1.8031 2.0523 1.6068 2.3954 

        

Denmark Coeff. 6.8414 5.6229 2.5363 3.9250 5.3521 4.2537 2.2022 3.8691 

  Std. Err. 2.5282 2.3002 1.2876 1.1641 2.3863 1.9609 1.5720 1.6828 

  T-stat 2.7061 2.4445 1.9697 3.3715 2.2429 2.1693 1.4008 2.2991 

        

Finland Coeff. 2.8684 3.5913 2.5856 4.1742 2.7493 3.6367 1.6213 3.6557 

  Std. Err. 1.7501 1.5732 1.2000 1.1404 1.7745 1.6120 1.2424 1.4520 

  T-stat 1.6390 2.2829 2.1548 3.6604 1.5493 2.2560 1.3050 2.5176 

        

France Coeff. 7.7981 5.0905 2.0129 3.9076 4.5089 4.2890 1.8324 3.8563 

  Std. Err. 2.6460 2.2392 1.2069 1.2840 2.2272 1.8342 1.2760 1.3835 

  T-stat 2.9472 2.2733 1.6679 3.0434 2.0245 2.3384 1.4361 2.7873 
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Table 4.27: Country Exclusions, Real House Price Growth, Development Model Continued 

Country Excluded   1990-2012     1990-2006   
                    
    it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
        
Germany Coeff. 6.6043 3.4605 2.6588 2.2699 4.6712 4.4226 1.2346 2.8144 

  
Std. 
Err. 2.9789 2.3356 1.4524 1.5059 2.4773 2.0058 1.3655 1.5508 

  T-stat 2.2170 1.4816 1.8306 1.5073 1.8856 2.2049 0.9041 1.8148 

        

Ireland Coeff. 6.6658 4.3229 2.2495 4.3727 4.3578 3.8467 2.3073 4.3119 

  
Std. 
Err. 2.5570 2.1213 1.3212 1.3408 2.1655 1.6829 1.2761 1.4397 

  T-stat 2.6069 2.0378 1.7026 3.2612 2.0124 2.2857 1.8081 2.9949 

        

Japan Coeff. 5.2809 3.7983 1.8933 3.6858 5.0521 4.4386 1.8172 3.4084 

  
Std. 
Err. 2.9027 2.2971 1.3294 1.5162 2.4894 2.1444 1.4624 1.7766 

  T-stat 1.8193 1.6535 1.4242 2.4310 2.0294 2.0698 1.2426 1.9185 

        

Netherlands Coeff. 6.9418 5.1925 2.1333 3.4051 4.4707 3.9947 1.5439 3.6271 

  
Std. 
Err. 2.5904 2.0348 1.2408 1.1877 2.1476 1.7068 1.2739 1.3115 

  T-stat 2.6798 2.5519 1.7193 2.8668 2.0817 2.3405 1.2120 2.7656 

        

New Coeff. 4.7180 3.8387 1.7837 3.3905 3.9475 3.2158 1.3699 2.9275 

Zealand 
Std. 
Err. 2.2867 1.8503 1.1311 1.5104 2.0920 1.6896 1.1698 1.4043 

  T-stat 2.0633 2.0746 1.5771 2.2447 1.8869 1.9034 1.1710 2.0846 

        

Norway Coeff. 8.6711 5.8874 4.9733 4.9964 5.4888 5.4144 2.7561 3.9531 

  
Std. 
Err. 2.4676 2.0632 1.1491 1.0378 2.4438 1.8834 1.2050 1.4779 

  T-stat 3.5140 2.8536 4.3279 4.8141 2.2460 2.8748 2.2873 2.6749 
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Table 4.28: Country Exclusions, Real House Price Growth, Development Model Continued 

Country Excluded   1990-2012     1990-2006   
                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
        
Spain Coeff. 10.7082 6.3637 3.7777 4.5320 7.7714 5.1569 2.3616 4.1763 

  
Std. 
Err. 3.2134 2.4291 1.1443 1.1352 2.9337 2.3543 1.2839 1.3115 

  T-stat 3.3323 2.6198 3.3014 3.9924 2.6490 2.1905 1.8393 3.1844 

        

Sweden Coeff. 4.5987 3.8455 2.6609 3.9003 3.9500 3.5800 1.7321 3.3628 

  
Std. 
Err. 2.0727 2.0446 1.1582 1.1628 1.8303 1.6322 1.1577 1.4080 

  T-stat 2.2187 1.8808 2.2974 3.3542 2.1581 2.1934 1.4962 2.3883 

        

Switzerland Coeff. 6.3194 6.4228 1.7426 1.9180 4.7461 4.4453 0.5408 0.4283 

  
Std. 
Err. 2.6790 2.2301 1.2053 1.5483 2.2355 1.7890 1.1764 1.6431 

  T-stat 2.3588 2.8801 1.4458 1.2388 2.1231 2.4849 0.4597 0.2606 

        

United  Coeff. 2.5308 1.1682 2.1846 3.0746 2.1880 1.7278 1.8423 3.2968 

Kingdom 
Std. 
Err. 2.5407 1.8560 1.1808 1.2426 2.0977 1.6812 1.3381 1.2941 

  T-stat 0.9961 0.6294 1.8501 2.4743 1.0431 1.0277 1.3768 2.5475 

        

United  Coeff. 4.7836 4.5605 3.9344 3.9344 4.9426 4.5259 3.3609 3.3609 

States 
Std. 
Err. 2.0370 1.7724 1.2996 1.2956 1.8418 1.5763 1.3941 1.3793 

  T-stat 2.3484 2.5731 3.0275 3.0367 2.6836 2.8712 2.4108 2.4368 
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Table 4.29: Country Exclusions, Real House Price Volatility, Development Model  

Country Excluded   1990-2012     1990-2006   
                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
        
Australia Coeff. -0.0093 -0.0121 -0.0031 -0.0084 -0.0234 -0.0062 0.0037 -0.0046 

  Std. Err. 0.0154 0.0120 0.0049 0.0069 0.0124 0.0098 0.0053 0.0070 

  T-stat 0.6049 1.0068 0.6457 1.2172 1.8931 0.6407 0.6963 0.6561 

        

Belgium Coeff. -0.0067 0.0088 -0.0060 -0.0110 -0.0060 -0.0043 0.0039 -0.0060 

  Std. Err. 0.0161 0.0113 0.0069 0.0102 0.0120 0.0081 0.0050 0.0081 

  T-stat 0.4139 0.7781 0.8703 1.0733 0.5033 0.5343 0.7947 0.7433 

        

Canada Coeff. -0.0356 -0.0236 -0.0060 -0.0123 -0.0170 -0.0064 -0.0012 -0.0043 

  Std. Err. 0.0165 0.0144 0.0060 0.0089 0.0141 0.0109 0.0049 0.0077 

  T-stat 2.1585 1.6377 1.0011 1.3854 1.2123 0.5861 0.2471 0.5601 

        

Denmark Coeff. -0.0282 -0.0113 -0.0061 -0.0139 -0.0159 -0.0019 0.0018 -0.0075 

  Std. Err. 0.0157 0.0142 0.0062 0.0086 0.0133 0.0101 0.0062 0.0094 

  T-stat 1.7905 0.7960 0.9897 1.6069 1.1931 0.1855 0.2961 0.8035 

        

Finland Coeff. -0.0149 -0.0049 -0.0043 -0.0118 -0.0130 0.0015 -0.0004 -0.0084 

  Std. Err. 0.0168 0.0133 0.0057 0.0092 0.0141 0.0123 0.0055 0.0084 

  T-stat 0.8861 0.3708 0.7480 1.2793 0.9252 0.1253 0.0711 0.9951 

        

France Coeff. -0.0304 -0.0026 -0.0054 -0.0155 -0.0098 -0.0037 0.0033 -0.0069 

  Std. Err. 0.0161 0.0133 0.0063 0.0100 0.0124 0.0094 0.0049 0.0083 

  T-stat 1.8905 0.1946 0.8659 1.5494 0.7927 0.3929 0.6646 0.8313 
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Table 4.30: Country Exclusions, Real House Price Volatility, Development Model Continued 

Country Excluded   1990-2012     1990-2006   
                    
    it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
        
Germany Coeff. -0.0356 -0.0113 -0.0129 -0.0035 -0.0139 -0.0081 0.0034 0.0043 

  
Std. 
Err. 0.0162 0.0138 0.0068 0.0091 0.0140 0.0113 0.0057 0.0088 

  T-stat 2.1956 0.8241 1.8924 0.3811 0.9922 0.7129 0.5893 0.4876 

        

Ireland Coeff. -0.0251 0.0046 -0.0053 -0.0154 -0.0036 -0.0066 0.0027 -0.0094 

  
Std. 
Err. 0.0154 0.0137 0.0063 0.0102 0.0127 0.0095 0.0053 0.0084 

  T-stat 1.6331 0.3382 0.8479 1.5039 0.2836 0.7004 0.5187 1.1096 

        

Japan Coeff. 0.0018 0.0140 -0.0022 -0.0131 -0.0048 0.0069 0.0022 -0.0003 

  
Std. 
Err. 0.0162 0.0115 0.0053 0.0087 0.0125 0.0101 0.0049 0.0064 

  T-stat 0.1108 1.2187 0.4080 1.5088 0.3827 0.6816 0.4426 0.0535 

        

Netherlands Coeff. -0.0281 -0.0009 -0.0057 -0.0113 -0.0082 -0.0038 0.0043 -0.0037 

  
Std. 
Err. 0.0142 0.0128 0.0063 0.0092 0.0121 0.0090 0.0051 0.0085 

  T-stat 1.9745 0.0726 0.9115 1.2324 0.6789 0.4281 0.8343 0.4368 

        

New Coeff. -0.0024 0.0090 -0.0006 -0.0005 -0.0030 0.0019 0.0061 0.0043 

Zealand 
Std. 
Err. 0.0141 0.0109 0.0055 0.0081 0.0114 0.0081 0.0054 0.0071 

  T-stat 0.1670 0.8261 0.1128 0.0637 0.2598 0.2363 1.1379 0.6147 

        

Norway Coeff. -0.0325 -0.0045 -0.0134 -0.0200 -0.0115 -0.0117 0.0030 -0.0004 

  
Std. 
Err. 0.0169 0.0150 0.0087 0.0111 0.0144 0.0113 0.0059 0.0088 

  T-stat 1.9231 0.3020 1.5360 1.7975 0.7955 1.0314 0.5117 0.0510 
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Table 4.31: Country Exclusions, Real House Price Volatility, Development Model Continued 

 

Country Excluded   1990-2012     1990-2006   
                    
  it1 it2 ecb ecbfed it1 it2 ecb ecbfed 
        
Spain Coeff. -0.0335 -0.0038 -0.0038 -0.0133 -0.0169 0.0057 0.0069 -0.0061 

  
Std. 
Err. 0.0200 0.0156 0.0062 0.0101 0.0167 0.0109 0.0053 0.0081 

  T-stat 1.6762 0.2453 0.6181 1.3187 1.0108 0.5231 1.2975 0.7506 

        

Sweden Coeff. -0.0162 -0.0048 -0.0062 -0.0122 -0.0036 -0.0015 0.0027 -0.0019 

  
Std. 
Err. 0.0127 0.0137 0.0058 0.0096 0.0095 0.0085 0.0047 0.0079 

  T-stat 1.2765 0.3506 1.0801 1.2683 0.3769 0.1712 0.5692 0.2441 

        

Switzerland Coeff. -0.0267 -0.0248 -0.0066 -0.0009 -0.0082 -0.0060 0.0057 0.0097 

  
Std. 
Err. 0.0145 0.0137 0.0060 0.0093 0.0130 0.0104 0.0053 0.0075 

  T-stat 1.8469 1.8157 1.0947 0.0997 0.6285 0.5702 1.0807 1.2922 

        

United  Coeff. -0.0083 -0.0014 -0.0089 -0.0120 -0.0043 -0.0037 -0.0007 -0.0032 

Kingdom 
Std. 
Err. 0.0132 0.0102 0.0055 0.0080 0.0116 0.0086 0.0056 0.0073 

  T-stat 0.6329 0.1328 1.6127 1.4957 0.3739 0.4253 0.1336 0.4420 

        

United  Coeff. -0.0137 -0.0017 -0.0135 -0.0135 -0.0113 -0.0073 -0.0002 -0.0002 

States 
Std. 
Err. 0.0140 0.0133 0.0078 0.0079 0.0123 0.0102 0.0070 0.0068 

  T-stat 0.9771 0.1298 1.7360 1.7095 0.9186 0.7103 0.0352 0.0361 
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Table 4.32:  Model Specifications, Stock Price Dataset 

      Variable name  Variable description       

     

     

Dependent Variables  IT1, IT2 IT3 and IT4 
Dummy for periods of inflation 
targeting    

                          

Independent Variables                      

   rgdpg  Real GDP Growth    

   inf  Inflation    

   mir  Market Interest Rate    

   cri  Crisis Dummies    

   fixer  Fixed Exchange Rate Dummies    

   lgworld  MSCI World Stock Market Index Volatility 

   nbd  Nick Bloom volatility dummy variables    

     

     

                          

Outcome Variables    

  
spvol 

Stock Price Realised 
Volatility     

     

   spg  Stock Price Growth    
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Table 4.33: Data, Stock Price Dataset 

The dataset comprises of quarterly data from a panel of 45 countries, covering the period 1980Q1 to 2012Q4.   

   Variable  Definition        Source       

                         

Treatment  IT1 and 
IT2 

Inflation Targeting Dummies Rose (2007) see Table 4.2 

Indicators  IT3  IT1 and treats the ECB as an inflation targeter 1999‐
2006 

  

   IT4  As ECB, but treats Fed as inflation targeter,   

      during Bernanke‐Greenspan era (1987‐2013)
  

  

              

Controls  rgdpg  Real GDP growth, seasonally adjusted IFS statistics   

   inf  Inflation, percentage change from previous year IFS statistics   

   mir  Money market interest rate IFS statistics   

   fixer  Fixed exchange rate Dummies
 

Reinhart & Rogoff Exchange Rate Classification database
First 2 categories are considered fixed exchange rate regimes 
 

   cri  Banking Crisis Dummies
  

Laeven and Valencia (2012)

   lgworld  Lagged realised volatility of world stock market index MSCI World Index    

   nbd  Nick Bloom Volatility dummies: Bloom (2009)   

      Earliest observed and greatest period of volatility   

             

Outcome  spvol 
 
spg 

Realised Volatility of countries MSCI stock Market Index
 
Growth of MSCI Index, % 

MSCI Indices   

Variables             
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Table 4.34: Probit Regression Results: Stock Price Dataset 1980‐2012 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rgdpg  ‐0.0043  0.0066  ‐0.6400  ‐0.0102 0.0069  ‐1.4900  0.0031  0.0061  0.5100  ‐0.0009 0.0062  ‐0.1400 

inf  ‐0.0443  0.0082  ‐5.4200  ‐0.0679 0.0095  ‐7.1200  ‐0.0460  0.0083  ‐5.5300  ‐0.0414 0.0083  ‐4.9600 

mir  0.0001  0.0059  0.0200  0.0047 0.0064  0.7400  ‐0.0143  0.0061  ‐2.3300  ‐0.0265 0.0063  ‐4.2400 

cri  ‐0.4563  0.1335  ‐3.4200  ‐0.6154 0.1458  ‐4.2200  ‐0.5186  0.1281  ‐4.0500  ‐0.3938 0.1252  ‐3.1500 

fixer  ‐1.4172  0.0485  ‐29.2400  ‐1.4319 0.0501  ‐28.5900  ‐0.9924  0.0443  ‐22.3900  ‐1.1528 0.0449  ‐25.7000 

lgworld  10.8627  2.6147  4.1500  11.3328 2.6208  4.3200  10.5135  2.5167  4.1800  10.2806 2.5767  3.9900 

nbd  0.0701  0.0890  0.7900  0.1453 0.0898  1.6200  0.2117  0.0832  2.5400  0.2272 0.0845  2.6900 

cons  0.3272  0.0493  6.6400  0.3346 0.0513  6.5200  0.4028  0.0492  8.1800  0.6297 0.0505  12.4700 

Number of 
obs     3861  3861 3861  3861

Pseudo R2         0.2259  0.2371 0.1501  0.1877

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.35: Probit Regression Results: Stock Price Dataset 1990‐2012 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rgdpg  ‐0.0034  0.0069  ‐0.4800  ‐0.0090 0.0071  ‐1.2600  0.0031  0.0064  0.4800  ‐0.0022 0.0065  ‐0.3300 

inf  ‐0.0502  0.0079  ‐6.3900  ‐0.0711 0.0095  ‐7.4900  ‐0.0521  0.0081  ‐6.4200  ‐0.0482 0.0082  ‐5.8600 

mir  0.0145  0.0055  2.6200  0.0197 0.0059  3.3100  0.0065  0.0057  1.1300  ‐0.0036 0.0060  ‐0.6000 

cri  ‐0.7080  0.1388  ‐5.1000  ‐0.8717 0.1514  ‐5.7600  ‐0.7680  0.1324  ‐5.8000  ‐0.7454 0.1320  ‐5.6500 

fixer  ‐1.5327  0.0520  ‐29.4600  ‐1.5391 0.0534  ‐28.8100  ‐1.0715  0.0480  ‐22.3300  ‐1.2527 0.0489  ‐25.6000 

lgworld  8.4170  2.7388  3.0700  9.1079 2.7332  3.3300  8.3734  2.6273  3.1900  7.9692 2.7027  2.9500 

nbd  ‐0.0201  0.0941  ‐0.2100  0.0678 0.0948  0.7100  0.1326  0.0881  1.5100  0.1427 0.0899  1.5900 

cons  0.5205  0.0504  10.3200  0.4967 0.0519  9.5700  0.5543  0.0501  11.0600  0.7965 0.0523  15.2200 

Number of 
obs     3206  3206 3206  3206

Pseudo R2         0.2516  0.2588 0.1573  0.1994

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.36: Probit Regression Results: Stock Price Dataset 1990‐2006 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rgdpg  ‐0.0046  0.0092  ‐0.5000  ‐0.0049 0.0098  ‐0.5000  ‐0.0026  0.0084  ‐0.3100  ‐0.0089 0.0084  ‐1.0700 

inf  ‐0.0605  0.0100  ‐6.0500  ‐0.0932 0.0126  ‐7.4000  ‐0.0492  0.0099  ‐5.0000  ‐0.0426 0.0098  ‐4.3500 

mir  0.0213  0.0066  3.2300  0.0340 0.0075  4.5300  ‐0.0006  0.0072  ‐0.0900  ‐0.0124 0.0075  ‐1.6600 

cri  ‐1.0106  0.2033  ‐4.9700  ‐1.8224 0.3172  ‐5.7400  ‐0.9275  0.1949  ‐4.7600  ‐1.0045 0.1968  ‐5.1000 

fixer  ‐1.1982  0.0625  ‐19.1700  ‐1.2727 0.0652  ‐19.5100  ‐0.5808  0.0581  ‐10.0000  ‐0.7724 0.0588  ‐13.1300 

lgworld  21.6264  8.7805  2.4600  28.3181 8.9652  3.1600  72.9466  8.6182  8.4600  70.8873 8.7979  8.0600 

nbd  0.0512  0.1036  0.4900  0.1654 0.1058  1.5600  0.0544  0.0999  0.5400  0.0566 0.1014  0.5600 

cons  0.1929  0.0758  2.5400  0.1405 0.0785  1.7900  0.0750  0.0757  0.9900  0.3520 0.0772  4.5600 

Number of 
obs     2119  2119 2119  2119

Pseudo R2         0.186  0.2197 0.1217  0.1539

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.37: Probit Regression Results: Stock Price Dataset 1980‐2006 

 

                                               

   IT1        IT2        IT3        IT4    

Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score  Coeff.  Std. Err.  Z Score 

rgdpg  ‐0.0011  0.0087  ‐0.1300  ‐0.0036 0.0092  ‐0.3900  ‐0.0004  0.0079  ‐0.0500  ‐0.0043 0.0078  ‐0.5600 

inf  ‐0.0653  0.0105  ‐6.2300  ‐0.0999 0.0124  ‐8.0400  ‐0.0526  0.0102  ‐5.1600  ‐0.0444 0.0100  ‐4.4200 

mir  0.0146  0.0070  2.0800  0.0257 0.0080  3.2200  ‐0.0192  0.0076  ‐2.5200  ‐0.0334 0.0077  ‐4.3600 

cri  ‐0.7079  0.1947  ‐3.6400  ‐1.4504 0.3003  ‐4.8300  ‐0.6616  0.1881  ‐3.5200  ‐0.5129 0.1779  ‐2.8800 

fixer  ‐1.0849  0.0570  ‐19.0200  ‐1.1561 0.0599  ‐19.3000  ‐0.5414  0.0521  ‐10.3900  ‐0.7094 0.0523  ‐13.5700 

lgworld  17.6686  6.4734  2.7300  21.9470 6.5862  3.3300  41.7073  5.8545  7.1200  40.9235 5.9180  6.9200 

nbd  0.1821  0.0965  1.8900  0.2824 0.0984  2.8700  0.2401  0.0916  2.6200  0.2432 0.0924  2.6300 

cons  ‐0.0397  0.0679  ‐0.5900  ‐0.0459 0.0714  ‐0.6400  0.0440  0.0674  0.6500  0.2942 0.0677  4.3400 

Number of 
obs     2774  2774 2774  2774

Pseudo R2         0.1652  0.1984 0.1152  0.1436

                                               

Results above are from the first stage probit regression, including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
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Table 4.38: Results of Matching, Stock Price Volatility 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  0.0774  0.0637  0.0864  0.0560  0.0577 0.0610 0.0840 0.0387 0.0818 0.0551 0.0707 0.0502 
SE  0.0194  0.0200  0.0181  0.0196  0.0228  0.0244  0.0227  0.0263  0.0189  0.0218  0.0192  0.0224 

Tstat  3.9806  3.1822  4.7740  2.8540  2.5335  2.5011  3.6979  1.4691  4.3357  2.5242  3.6911  2.2395 

1990 ‐ 2012  ATT  0.0521  0.0461  0.0809  0.0469  0.0411  0.0388  0.0421  0.0039  0.0400  0.0335  0.0524 0.0207 

SE  0.0211  0.0224  0.0204  0.0229  0.0322  0.0290  0.0299  0.0303  0.0232  0.0251  0.0235  0.0257 

Tstat  2.4624  2.0557  3.9651  2.0501  1.2768  1.3382  1.4079  0.1280  1.7223  1.3351  2.2267  0.8059 

1990 ‐ 2006  ATT  ‐0.0015  0.0077  0.0644  0.0314  ‐0.0117  0.0150  0.0589 0.0143  ‐0.0250  ‐0.0069  0.0642 0.0262 

SE  0.0224  0.0231  0.0195  0.0212  0.0290  0.0265  0.0258  0.0288  0.0246  0.0238  0.0231  0.0239 

Tstat  ‐0.0674  0.3350  3.2981  1.4803  0.4037  0.5637  2.2839  0.4951  1.0181  0.2877  2.7838  1.0929 

1980 ‐ 2006  ATT  0.0486  0.0494  0.1228  0.0909  0.0399  0.0583 0.1077 0.0678 0.0498 0.0420 0.1149 0.0893 
SE  0.0195  0.0203  0.0181  0.0182  0.0228  0.0238  0.0234  0.0263  0.0203  0.0208  0.0196  0.0207 

Tstat  2.4948  2.4333  6.7858  5.0019  1.7503  2.4466  4.6117  2.5787  2.4488  2.0174  5.8695  4.3061 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.39: Results of Matching, Stock Price Growth 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  ‐0.0044  ‐0.1611  ‐0.1885  ‐0.2243  0.3425  ‐0.3822  ‐0.5920  ‐0.0541  0.3619  ‐0.4010  ‐0.2623  ‐0.1239 

SE  0.5128  0.5394  0.4756  0.4892  0.6429  0.6647  0.6411  0.7305  0.5475  0.5803  0.5431  0.5847 

Tstat  ‐0.0085  ‐0.2986  ‐0.3963  ‐0.4584  0.5327  0.5750  0.9234  0.0741  0.6610  0.6910  0.4829  0.2119 

1990 ‐ 2012  ATT  0.9448  0.8641  0.2979  0.4261  0.3577  0.4307  0.2243  ‐0.3287  0.8597  0.4274  0.1835  0.3545 

SE  0.5890  0.5791  0.5542  0.6241  0.7944  0.8481  0.6053  0.7484  0.6716  0.6782  0.5570  0.6520 

Tstat  1.6040  1.4920  0.5375  0.6827  0.4502  0.5078  0.3706  0.4392  1.2800  0.6302  0.3295  0.5438 

1990 ‐ 2006  ATT  2.0716  1.9667  0.8214  0.8018  2.0790 1.5178  1.7747 0.9782  2.0101  1.6976  1.2822  0.6646 

SE  0.7004  0.7068  0.5971  0.6478  0.8521  1.0194  0.7836  0.8436  0.7731  0.8589  0.7083  0.7400 

Tstat  2.9577  2.7824  1.3757  1.2377  2.4400  1.4889  2.2648  1.1595  2.6000  1.9765  1.8103  0.8982 

1980 ‐ 2006  ATT  1.5272  1.6273  0.7317  0.5624  1.7294  2.3377 1.1909  0.3023  1.5974 1.6157 1.0009  0.7592 

SE  0.5805  0.6117  0.5236  0.5314  0.9600  0.9172  0.7558  0.7128  0.7240  0.7714  0.6247  0.6418 

Tstat  2.6307  2.6604  1.3976  1.0583  1.8015  2.5488  1.5757  0.4241  2.2064  2.0946  1.6023  1.1830 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.40: Results of Matching, Without Outliers, Stock Price Volatility 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  0.0674 0.0548 0.0770 0.0456 0.0696 0.0301  0.0537 0.0365  0.0767 0.0530 0.0755 0.0496 
SE  0.0188  0.0185  0.0168  0.0188  0.0222  0.0265  0.0239  0.0259  0.0198  0.0220  0.0195  0.0223 

Tstat  3.5941  2.9701  4.5800  2.4219  3.1276  1.1356  2.2447  1.4067  3.8744  2.4057  3.8791  2.2228 

1990 ‐ 2012  ATT  0.0444 0.0392  0.0732 0.0399  0.0474 0.0366  0.0661 0.0099  0.0365  0.0334  0.0587 0.0119 

SE  0.0204  0.0210  0.0194  0.0224  0.0229  0.0288  0.0258  0.0388  0.0211  0.0261  0.0231  0.0300 

Tstat  2.1736  1.8671  3.7766  1.7815  2.0691  1.2715  2.5610  0.2553  1.7281  1.2807  2.5387  0.3963 

1990 ‐ 2006  ATT  ‐0.0014  0.0078  0.0644 0.0314  0.0002  0.0069  0.0630 0.0133  ‐0.0085  0.0100  0.0669 0.0248 

SE  0.0221  0.0234  0.0200  0.0205  0.0303  0.0272  0.0248  0.0273  0.0243  0.0236  0.0217  0.0240 

Tstat  0.0613  0.3339  3.2172  1.5275  0.0053  0.2532  2.5398  0.4850  0.3510  0.4239  3.0814  1.0372 

1980 ‐ 2006  ATT  ‐0.0014  0.0078  0.0644 0.0314  0.0471  0.0362  0.1412 0.0692 0.0427 0.0416  0.1208 0.0899 
SE  0.0221  0.0234  0.0200  0.0205  0.0243  0.0249  0.0228  0.0266  0.0209  0.0211  0.0202  0.0208 

Tstat  0.0613  0.3339  3.2172  1.5275  1.9388  1.4544  6.1990  2.5979  2.0429  1.9740  5.9715  4.3341 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Table 4.41: Results of Matching, Without Outliers, Stock Price Growth 

                                              

Matching Method  Epanechnikov Kernel  Nearest Neighbour (n1)  Nearest Neighbour (n3) 

Treatment  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4  IT1  IT2  IT3  IT4 

Indicator 

1980 ‐ 2012  ATT  0.0520  ‐0.1330  ‐0.1482  ‐0.1784  ‐0.0943  ‐0.1403  ‐0.6984  ‐0.1350  0.2081  ‐0.2934  ‐0.1594  ‐0.1837 

SE  0.5364  0.5151  0.4739  0.4864  0.6336  0.6787  0.6619  0.6829  0.5462  0.5798  0.5438  0.5847 

Tstat  0.0969  0.2582  0.3127  0.3668  0.1489  0.2067  1.0552  0.1977  0.3810  0.5061  0.2931  0.3142 

1990 ‐ 2012  ATT  1.0257  0.8994  0.3333  0.4272  0.8374  0.5980  0.7041  1.1936  0.9380  0.2910  0.5767  0.4553 

SE  0.5780  0.6156  0.5415  0.6367  0.7416  0.8415  0.6583  0.7188  0.6594  0.6632  0.5833  0.6286 

Tstat  1.7745  1.4611  0.6155  0.6709  1.1293  0.7106  1.0696  1.6604  1.4226  0.4388  0.9887  0.7242 

1990 ‐ 2006  ATT  2.1023 1.9955 0.7997  0.7917  2.9998 1.6580  1.1461  0.9421  2.4319 1.7132 0.9584  0.9956 

SE  0.6750  0.7043  0.5955  0.6431  0.9426  0.9936  0.8111  0.8242  0.7691  0.8555  0.7125  0.7329 

Tstat  3.1147  2.8334  1.3430  1.2311  3.1825  1.6688  1.4131  1.1430  3.1621  2.0025  1.3452  1.3584 

1980 ‐ 2006  ATT  1.4868 1.6255 0.7537  0.5534  0.9750  0.5531  0.7061  0.8087  1.5975 1.2356  0.7554  0.4537 

SE  0.5843  0.6080  0.5433  0.5207  0.8189  0.9509  0.7735  0.7637  0.7014  0.7973  0.6368  0.6488 

Tstat  2.5445  2.6737  1.3874  1.0627  1.1906  0.5816  0.9128  1.0588  2.2775  1.5497  1.1863  0.6993 

                                              

Results above show the ATT (average treatment effect on treated) of inflation targeting, across 4 different time periods,  calculated by implementing propensity score matching, 
using 3 different matching methods and including 4 separate classifications of whether a country was targeting inflation. 
These different definitions of inflation targeting are as follows:  IT1 = 'Strict', IT2= 'Soft', IT3= (IT2+European Monetary Union Countries),  
IT4=(IT2 + European Monetary Union Countries + U.S. Federal Reserve), see section 4.3 for further details. 
 
For Epanechnikov matching standard errors are calculated using the bootstrap method (1000 iterations) 
For Nearest Neighbour matching standard errors are calculated using the Abadie and Imbens (2006) robust method 
Results significant at the 5% level are highlighted in bold 
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Figure 4.1: Propensity Score Density Functions: House Price Baseline Dataset: 1980 ‐ 2012 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Propensity Score Density Functions: House Price Baseline Dataset: 1990 – 2012 
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Figure 4.3: Propensity Score Density Functions: House Price Baseline Dataset: 1990 – 2006 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Propensity Score Density Functions: House Price Baseline Dataset: 1980 – 2006 
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Figure 4.5: Propensity Score Density Functions: House Price Dev Dataset: 1990 – 2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Propensity Score Density Functions: House Price Dev Dataset: 1990 – 2006 
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Figure 4.7: Propensity Score Density Functions: Stock Price Dataset: 1980 ‐2012 

 

 

 

 

 

 

 

Figure 4.8: Propensity Score Density Functions: Stock Price Dataset: 1990 ‐2012 
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Figure 4.9: Propensity Score Density Functions: Stock Price Dataset: 1990 – 2006 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10: Propensity Score Density Functions: Stock Price Dataset: 1980 ‐ 2006 
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Chapter 5:  Conclusion 

In Chapter 2 a model was developed illustrating the interactions between 2 types of 

policymaker and an economy experiencing an asset price bubble.  The model included the 

effects of investor speculation and the effects of monetary policy on the asset price bubble.  

The model includes an Activist policymaker, who reacts to asset prices but does not have 

full information about bubble forming and a Sceptic policymaker who does not react to 

asset prices at all.  The results show that the Activist policymaker can achieve better 

outcomes than the Sceptic, in terms of bubble size, and the behaviour of output and 

inflation.  This Chapter establishes the dynamics of the model and provides a platform upon 

which the model can be further developed. 

In Chapter 3  the model established in Chapter 2 was further enhanced.  A 

significant change was made by adding a stochastic element to one of the variables, ft.  This 

change meant that the bubble was no longer following an exogenously determined growth 

path and policy could be evaluated in response to many varied bubble paths.  Having 

determined the effect of the changes to ft it was then possible to evaluate the effectiveness 

of both policymakers in response to multiple parameter changes to the model.  These 

changes included greater reactions to the bubble, variations in the degree to which 

monetary policy can affect the bubble and different sizes of stochastic shocks to the bubble.  

The results show that the Activist policymaker can achieve better outcomes than the 

Sceptic by responding to the asset price bubble.  The Activist policymaker is able to reduce 

the size and volatility of the bubble, reduce the output gap so that it is closer to equilibrium 

output and minimise the fluctuations in output, as well as reduce the level of inflation and 
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volatility of inflation.  In this regard, the simulations lend support to the idea of reacting to 

asset prices in a monetary policy framework.  A policymaker in such a framework need not 

know the exact stochastic properties of the bubble to be able to react to asset price rises.  

Therefore the implications are that responding to asset prices, in a manner such as the 

Activist, can lead to better economic outcomes than when following a non-reacting policy 

akin to the behaviour associated with following a standard Taylor rule.  Therefore the 

conclusion of the work in these chapters is that ‘leaning against the wind’ of asset price 

rises is a valid monetary policy strategy.   

In Chapter 4 this thesis investigates the effects of inflation targeting on house price 

growth and volatility and stock price growth and volatility, using propensity score 

matching.  Overall the results support the idea that inflation targeting has an effect on asset 

prices.  In particular the estimates of the ATTs suggest that inflation targeting has an effect 

of between 2.46 and 7.64 percent on house price growth, with most estimates around 3 

percent, but no effect on house price volatility.   For stock prices it appears that inflation 

targeting can increase the volatility of stock prices by between 0.6 and 1 percent, per 

quarter and in some cases, notably pre crisis, inflation targeting was associated with a 

significant increase in stock price growth.   

Although the chapters have different approaches, when considering the work in this 

thesis as a whole, some lessons may be learned about the role of monetary policy in the 

build up to the financial crisis.  For example, the results obtained in Chapter 4 support the 

idea that the policy of inflation targeting – and the low interest rate and low inflation 

accompanying it – was associated with increases in both stock prices and house prices in 

the build up to the financial crisis; an approach that, could be argued, mirrors the behaviour 
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of the Sceptic policymaker, by ignoring asset prices.  By adopting a policy of ‘leaning 

against the wind’ as in Chapter 2 and 3 policymakers may have been able to curtail the 

rapid rises in house prices experienced pre crisis by affecting investor expectations as well 

as market imbalances.  The work conducted in this thesis supports the idea that 

policymakers should respond to asset prices and empirically illustrates the effect of one 

alternative; inflation targeting.   
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