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ABSTRACT 

 

Combining Phillips et al.’s (2011) sup Augmented Dickey-Fuller test, and Leybourne’s 

(1995) MAX test, a more powerful procedure for detecting asset price bubbles is proposed 

– the MAX sup Augmented Dickey-Fuller (MSADF) test. Additionally, a new type of 

bubble is proposed following the results of a counterfactual analysis; which this paper calls 

a counteracting bubble. 

 

Applying the newly proposed MSADF test to the nominal and real USD/AUD exchange 

rate, no evidence of rational bubbles is found. Conversely, when the test is applied to 

commodity prices and oil prices, evidence of explosive behaviour is detected. Additionally, 

the MSADF test is applied to various counterfactual USD/AUD exchange rates which are 

constructed from the estimates of a Structural Vector Autoregression model. Evidence from 

the counterfactual analysis suggest the shocks from relative prices, interest rate 

differentials, commodity prices, oil prices and the exchange rate itself, all individually 

create bubble behaviour in the nominal USD/AUD exchange rate. However, since the 

individual bubbles caused by the shocks of each variable occur at different times, and take 

various complex structures, they tend to counteract and offset each other, so the MSADF 

test lacks the power to detect this particularly complex bubble structure (a counteracting 

bubble) when it is applied to the actual USD/AUD exchange rate. 
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1. I�TRODUCTIO� 

 

The question of whether bubbles actually exist in asset prices has been intensively studied 

in the fields of finance and economics. Despite decades of research, there is still no 

unanimous opinion as to the plausibility of bubbles. The enigma associated with bubbles is 

best summarised by Gurkaynak (2008), who states “for almost every paper…that ‘finds’ a 

bubble, there is another one that…fits the data equally well without resorting to a bubble.” 

An extension of the bubble debate is whether they should be studied as rational or 

behavioural. Recent studies of exuberance in asset prices have suggested that the field of 

psychology should have an equal importance in explaining the detection and causes of 

bubbles (see for e.g. Hirshleifer, 2001, Abreu and Brunnermeier, 2003, and Vissing-

Jorgensen, 2004). Despite this recent shift in focus to irrational and behavioral bubbles, 

some economists still believe rational bubbles are more plausible than their irrational 

counterparts
1
 (see for e.g. Leroy, 2004). Furthermore, there has been evidence (Garber, 

2000) that market fundamentals were the driving force behind three of the most famous 

bubbles; the 17th Century Dutch tulipmania, and the 18th Century Paris Mississippi and 

London South Sea Bubbles.
2
 

 

The causes and detection of asset price bubbles, and the possibility fluctuations in asset 

prices could be due to the self-confirming beliefs of market participants have long been of 

great intrigue to economists (Keynes, 1936), investors, and more recently, those who 

govern monetary policy (see for e.g. Bernanke, 2002). The existence of bubbles suggests 

the market price of an asset will differ from its fundamental value, and also implies 

financial markets are not necessarily allocating investors’ savings optimally. Another 

reason why policy makers might want to design public policies to eradicate the market of 

bubbles and the associated asset price movements is due to the fact they can create future 

adverse effects on the stability of the financial system, and subsequently affect future levels 

of output and inflation (Kent and Lowe, 1997). 

                                                 
1
 As Blanchard and Watson (1982) maintain, “it is hard to analyze rational bubbles. It would be much harder 

to deal with irrational bubbles.” 
2
 Garber (2000) gives a fascinating account of these three historical events, while Kindleberger and Aliber 

(2005) give an interesting description of many historical bubbles. 
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Furthermore, the collapse of an asset price bubble can have extremely detrimental and long 

term consequences for an economy and monetary policy operation in that country. One 

example of this is the period commonly referred to as Japan’s Lost Decade, reflecting the 

events of the 1990s when bubbles in Japan’s housing and stock market burst, leading to a 

decade of meager economic growth and constant deflation in consumer prices. Ultimately, 

this resulted in extreme restrictions being placed on the Bank of Japan in its monetary 

policy actions due to nominal interest rates hitting the zero lower bound. Two other 

examples of the devastating effects of bubbles involve events in the United States during 

the 2000s. The first event was the collapse of the dot-com bubble in the late 1990s to early 

2000s which resulted in recession not only in America but numerous other developed 

countries, and the second event was the collapse of the housing market bubble in the late 

2000s which triggered the now infamous Global Financial Crisis (GFC). Both of these 

events also prompted worries the Federal Reserve would have to face the implications of 

the US Federal Funds rate reaching the zero lower bound. These examples highlight how 

vital it is to detect asset price bubbles so that monetary policy makers can respond 

optimally and avoid such problems.
3
 

 

 

                                                 
3
 Gruen et al. (2003) and Robinson and Stone (2005) examine the relationship between asset price bubbles 

and optimal monetary policy settings. 
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Figure 1.1: USD/AUD �ominal Exchange Rate

The Floating Exchange Rate Era

Note: Data is monthly (value of USD/AUD on the last day of the month) and is from 

December 1983 to June 2011.
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The majority of the bubble literature has focused on detecting bubbles in the context of 

stock prices. But with the recent performance of the Australian dollar (AUD) against the 

United States dollar (USD) (refer to Figure 1.1) it becomes increasingly difficult to ignore 

the possibility of bubbles in exchange rates. The AUD has exploded against the USD over 

the past few years, appreciating from 0.6122 USD per AUD on 28 October 2008, to reach a 

record post-float high of 1.1055 USD per AUD on 28 July 2011. One may claim that this 

extraordinary appreciation of the AUD is fundamentally justified by two stories. 

 

The first story is related to commodity price movements, specifically due to Asia’s high 

commodity demand for Australian resources, which has fundamentally changed (or merely 

reinforced, some might say) the structure of Australia’s economy. However, in the past, 

bubbles have appeared to surface around periods where enhancements in productivity have 

caused structural change such as Britain’s railway boom, and the more recent internet and 

telecommunications boom. Some commentators have suggested Australia’s current “two 

speed economy”
4
 is just a reflection of such structural change taking place in Australia’s 

economy due to Asia’s seemingly insatiable appetite for Australia’s resources. A possible 

second story behind the AUD’s strong performance is related to the well documented 

weakness of an American economy, during this period, still suffering from the disastrous 

impacts of the GFC. These two stories have contributed to some significant differences in 

monetary policy. During the period in which the AUD embarked on its journey to the 

record post-float high (i.e. October 2008 to July 2011), the Federal Funds rate dropped 

from 0.97 percent to 0.07 percent, while Australia’s official cash rate fell from 6.18 percent 

to 4.75 percent.
5
 If one believes in uncovered interest parity (which predicts the AUD 

should have depreciated against the USD over this period) then it appears the performance 

of the USD/AUD exchange rate is not fundamentally justified, providing a reason to 

investigate the possibility of a bubble in the exchange rate. 

 

                                                 
4
 Rapid economic growth in Western Australia and Queensland (and to a lesser extent the Northern Territory), 

driven by the success of the commodity producing industry, and sluggish growth in the other states where the 

manufacturing and service industries tend to dominate. 
5
 Australia’s official cash rate never fell below 3 percent during this period, decreasing from 6.18 percent 

(October 2008) to 3 percent (third quarter of 2009), before gradually increasing to its current rate of 4.75 

percent. 
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Another story behind the motivation of this paper relates to the current global environment, 

financial contagion and the increasingly complex interdependences between economies and 

financial markets, with no bigger example than the GFC and the devastating domino effect 

of destruction it created around the world. Caballero et al. (2008) propose a chronological 

hypothesis regarding the creation and collapse of various bubbles during the GFC, and 

generate a general dateline of the events which occurred during the crisis. According to 

their hypothesis, asset bubbles migrated from one asset market to another, with Caballero et 

al. (2008) finding that the dot-com bubble (1990s), the asset bubbles (2005 to 2006), the 

subprime crisis (2007), and the commodity bubbles (2008) that followed, were all tightly 

interconnected. Phillips and Yu (2011) implement econometric methods closely related to 

the test procedure proposed in Phillips et al. (2011) (and also the focal point of procedures 

in this paper), and find evidence supporting the general dateline of events put forward by 

Caballero et al. (2008). Phillips and Yu (2011) find that bubbles migrated from the housing 

market (2002 to 2007) to certain commodity markets (2008) and the bond market (2008 to 

2009). Thus, with commodity prices such an important determinant of the strength of the 

AUD, it is only natural to ask whether the AUD is another victim of this roving bubble. 

 

These are the main stories and questions which motivate this paper – is the approximately 

80 percentage point appreciation of the AUD against the USD from October 2008 to July 

2011 justified by the disparities in the strength of the fundamentals underpinning each 

economy, or is this movement unjustified on economic fundamentals alone, and hence 

possible evidence of a rational bubble in the USD/AUD exchange rate? Furthermore, could 

it be the commodity price bubble has itself created a bubble in the exchange rate? 

 

In the search for answers to these questions, I propose a new test for bubbles based on the 

combination of two procedures. The first procedure is the sup Augmented Dickey-Fuller 

(SADF) test proposed in Phillips et al. (2011). Using forward recursive and forward rolling 

regression techniques, both of which combine a right-tail Augmented Dickey-Fuller (ADF) 

test and a sup test on a forward expanding and forward rolling sample sequence 

respectively, Phillips et al. (2011) show that the power of the SADF test is a significant 

improvement over the conventional cointegration based test (the dominant econometric 
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procedure previously used to detect bubbles) in the presence of periodically collapsing 

bubbles. The second procedure is the forward and reverse Dickey-Fuller (DF) regressions 

(also called the MAX test) proposed in Leybourne (1995). Leybourne finds that the power 

of the DF unit root test can be increased by using the maximum of the forward DF statistic 

(the usual DF test statistic based on the original data) and the reverse DF statistic (based on 

the data in reverse order). I call the resulting new procedure the MAX sup Augmented 

Dickey-Fuller (MSADF) test. 

 

Following these results, counterfactual analysis is conducted in an attempt to separately 

identify the variables creating explosive behaviour in the USD/AUD exchange rate. A 

Structural Vector Autoregression (SVAR) model is estimated, which allows the exchange 

rate to be reconstructed and the movements in the exchange rate to be decomposed into 

underlying structural shocks. Following this, certain shocks, or combinations of shocks, 

which are generally believed to be the source of movements in the USD/AUD exchange 

rate (namely commodity prices, interest rate differentials and relative prices) are removed, 

allowing the construction of a counterfactual exchange rate. Applying the MSADF tests to 

these counterfactual series will allow the identification of any variables which are creating 

bubbles in the exchange rate, or alternatively which variables are predominantly 

responsible for the fluctuations in the USD/AUD exchange rate. 

 

After applying the MSADF tests, no evidence of bubbles is found in the nominal or real 

USD/AUD exchange rate. However, bubbles are found in commodity prices and oil prices, 

with the dates these bubbles originate and terminate consistent with the dates hypothesised 

by Caballero et al. (2008), and confirmed by Phillips and Yu (2011). Applying the MSADF 

tests to various counterfactual series, evidence indicates shocks due to interest rate 

differentials, relative prices, oil prices, commodity prices, and the exchange rate itself, all 

individually create explosive behaviour in the USD/AUD exchange rate. However, it is 

hypothesised in this paper since the bubbles caused by all these variables can occur at 

different times, and take various complex structures (namely a periodically collapsing, 

multiple collapsing, or locally explosive structure), the bubbles will tend to offset or 

counteract each other. For example, one bubble caused by the shocks of one variable may 



14 

 

be in its collapse phase, while another bubble caused by the shocks of a different variable 

may be in its growth phase at the same time. When the impacts of these two bubbles are 

combined, the joint behaviour will not appear bubble-like, so when the actual nominal 

USD/AUD exchange rate is tested for bubbles, the MSADF tests lack the power to detect 

this particularly complex nonlinear bubble structure. This behaviour only becomes more 

complicated and difficult to identify as the bubbles caused by the shocks of other variables 

are taken into account, and the complexity of the bubble structure increases. I call this new 

form of bubble a counteracting bubble. 
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2. LITERATURE REVIEW 

 

For decades now, economists have attempted to find an exchange rate model robust enough 

to sufficiently predict or explain the fluctuations in floating exchange rates (Frenkel, 1976, 

Dornbusch, 1976, and Frankel, 1979, to name a few). Although empirical exchange rate 

models have been found to generate sufficient in-sample explanatory power, they generally 

fail in out-of-sample forecast testing, failing to outperform a simple random walk model 

(Meese and Rogoff, 1983a, 1983b). Given the empirical shortcomings of many structural 

models of exchange rate determination, economists have hypothesised it is not only market 

fundamentals governing exchange rates (Levich, 1983), but also speculative bubbles 

(McKinnon, 1976). 

 

2.1 What is a Rational Bubble? 

The definition of a bubble stems from the Lucas (1978) asset pricing model. Most empirical 

asset pricing tests begin with the following equation: 

1 1

1
( ),                                                  (2.1)

(1 )
t t t tP E P d

r
+ += +

+
 

where tP  is the asset price at time t , td  is the cash flow from the asset for ownership 

between time 1t −  and t , and r  is a constant discount rate. In different contexts, tP  may 

reflect the ex-dividend stock price with td  the dividend paid to the owner of the stock, tP  

may be the price of a house with td  the rent, or as is the case in this paper, tP  could be the 

nominal (or real) exchange rate with td  the expected return from owning the currency such 

as interest rate differentials between the two relevant economies, as governed by uncovered 

interest parity. The forward looking solution to (2.1), commonly referred to as the market 

fundamental in the rational bubble literature is given by 

1

1

1
.                                                      (2.2)

(1 )
t t tk

k

F E d
r

∞

+
=

=
+∑  
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Equation (2.2) says the fundamental price of an asset equals to the present value of 

expected cash flows from holding the asset. To ensure that t tP F=  is a unique solution to 

(2.1), the transversality condition 

1
lim 0                                                (2.3)

(1 )
t t kkk

E P
r

+→∞

 
= + 

 

is imposed so that bubbles cannot exist.
6
 However, if (2.3) does not hold, then t tP F=  is not 

the only solution to (2.1). Instead, there will be an infinite number of solutions, with the 

general class of solutions to (2.1) expressed as 

.                                                            (2.4)t t tP F B= +
 

Equation (2.4) says the price of an asset ( )tP  is determined by two components; a market 

fundamental component ( )tF  and a bubble component ( )tB , where tB  is any random 

variable which satisfies the condition 

1

1
                                                        (2.5)

(1 )
t t tB E B

r
+=

+
 

Any solution to (2.5) other than 0tB =  (which implies t tP F= ) would reflect the existence 

of a rational bubble. A non-zero value of tB  implies the actual market price of the asset 

depends positively on its own expected rate of change, that is, a rational bubble reflects the 

self-fulfilling belief that the price of an asset is being driven by variables that are 

fundamentally irrelevant. Thus, it is this situation where a high and growing asset price is 

unjustified by the market fundamentals of the asset, which is commonly referred to as a 

rational bubble. The bubble component tB  can manifest itself in many different forms. Two 

of the more important forms concerning this paper are described in Section 4.
7
 

 

 

 

 
                                                 
6
 According to Tirole (1985), the price of an asset will be determined only by market fundamentals (i.e. the 

asset price will be unique, so that equation (2.1) equals (2.2)) in an economy with a finite number of rational 

infinitely-lived agents. 
7
 Blanchard and Watson (1982), and Diba and Grossman (1987) discuss other forms of bubbles not covered in 

this paper. 
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2.2 Rational Bubbles and Econometric Tests 

Undoubtedly, the chief contributor to the bubble literature’s inability to develop a 

unanimous opinion on the existence of bubbles is the observational equivalence issue. This 

issue (discussed by Flood and Garber (1980), Hamilton and Whiteman (1985), Flood and 

Hodrick (1986), and Hamilton (1986)) highlights the fact any bubble path satisfying 

equation (2.5) is observationally equivalent to a process with time-varying or regime-

switching fundamentals. Additionally, evidence of bubbles can be reinterpreted as 

unobserved variables, a time-varying discount rate, or some other misspecification of 

market fundamentals. Despite the observational equivalence hurdle, bubble tests are still 

empirically important even if one does not believe bubbles exist, as they provide powerful 

tests for detecting misspecifications of the fundamentals model (Flood and Hodrick, 1990). 

The main econometric tests previously used to detect rational bubbles
8
 can be classified 

into four groups – variance bounds tests (Shiller, 1981, and LeRoy and Porter, 1981), 

West’s (1987 and 1988) two-step tests of bubbles, cointegration based tests (Diba and 

Grossman, 1988a and 1988b), and intrinsic bubble tests (Froot and Obstfeld, 1991).
9
 

 

Variance bound tests, initiated by Shiller (1981), and LeRoy and Porter (1981) as a test of 

the present value model
10
, were not intended to be used as bubble tests but were later used 

in that manner (see for e.g. Mankiw et al., 1985, and Flood and Hodrick, 1986). The basic 

idea behind the procedure is to determine whether the observable price of an asset is too 

volatile to be a rational forecast of future fundamental values. The approach proposes an 

upper limit on the variance of the observable price series which depends on the 

fundamental series. This variance bound will be violated if actual prices vary more than the 

discounted present value of expected future cash flows (i.e. perfect foresight prices), 

indicating  the presence of a bubble.
11
 Huang (1981) applies the variance bounds test to 

                                                 
8
 While the focus of this paper is on rational bubbles, there is an alternative strand of literature concentrating 

on bubbles of the irrational type. The possibility of ‘irrational bubbles’ is permitted through the use of 

behavioural models that allow for irrational pricing due to investor biases. Vissing-Jorgensen (2004) provides 

an interesting survey on this separate string of literature. 
9
 Gurkaynak (2008) provides a comprehensive survey of these four approaches. 
10
 Shiller (1981), and LeRoy and Porter (1981) both reject the present value model based on a constant 

discount rate and rational expectations. 
11
 If the price of an asset today ��  is an unbiased forecast of the perfect foresight price ��

∗, then ��
∗ = �� + 	�, 

where 	� is an error term. Since the volatility of a good forecast should be smaller than the volatility of the 

forecasted variable, actual prices should have less volatility than perfect foresight prices. (Camerer, 1989) 
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exchange rates, finding the volatility of exchange rates is greater than justified by monetary 

models. One of the main shortcomings of variance bounds tests is its inability to distinguish 

between bubbles and model misspecifications such as unobserved fundamental variables 

and regime switching in fundamentals, that is, the test is vulnerable to the observational 

equivalence problem (Flood and Hodrick, 1986). Since it was not initially designed as a 

bubble test, but rather as a test for the present value model, violations of the variance bound 

may be due to misspecification of the fundamentals model and not necessarily due to a 

bubble. Cochrane (1992) provides an example of the variance bound being violated due to a 

time-varying discount rate rather than to a bubble.  

 

Flood and Garber (1980) provide the first econometric test for bubbles. Theoretically, 

testing for a deterministic bubble in asset prices can be achieved by simply testing a model 

specification which includes a deterministic bubble term. Using Cagan-type money demand 

as a model of fundamentals, Flood and Garber (1980) test the joint hypothesis of a 

deterministic bubble with this model, and find no evidence of a bubble during the German 

hyperinflation in the 1920s. Woo (1984), Okina (1985), and Borensztein (1987) apply a 

similar test to exchange rates (German Mark/USD, French Franc/USD, and Japanese 

Yen/USD) from the 1970s and 1980s using a portfolio balance equation as the market 

fundamentals model. Although all three papers find evidence of bubbles, the significance of 

the results are rather exaggerated since the starting points for the bubble terms were based 

on observing the data. Additionally, the growing regressor problem means the results are 

unreliable. (Camerer, 1989) 

 

Due to the shortcomings of testing directly for deterministic bubbles
12
, and the fact 

variance bounds tests are more a test of the fundamental model rather a test for bubbles, 

West (1987) designed a direct test for bubbles by explicitly specifying the alternative 

hypothesis to include a bubble; known as West’s two-step test of bubbles. This test uses 

instrumental variables to estimate the discount rate r  in (2.6)  

                                                 
12
 Huang (1981), Okina (1985), and Evans (1986) conduct indirect diagnostic tests for bubbles by looking for 

evidence of positive autocorrelation, large kurtosis or a non-zero median in exchange rates, which would all 

provide evidence of a bubble. However, Evans (1986) notes evidence of these statistical properties can also be 

reinterpreted as being due to market fundamentals, rather than to a bubble. 
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1 1
1.                                                    (2.6)

1

t t
t t

P D
P u

r

+ +
+

+
= +

+
 

A model for dividends specified as an autoregressive process (2.7), and a present value 

relation (2.8) are then estimated independently. 

1                                                         (2.7)t t tD dD ε−= +  

                                                                 (2.8)t tP gD=  

If equation (2.8) holds (i.e. prices are equal to its fundamental value), then this suggests the 

relationship between g , d  and r  can be expressed as 

                                                          (2.9)
1

d
g

r d
=

+ −
. 

In the absence of bubbles, the estimates of g , d  and r  should satisfy the implied 

relationship (2.9). However, in the presence of explosive behaviour, the estimate of r  in 

(2.6) will still be consistent
13
, but the estimate of r  from (2.9) will be inconsistent.

14
 Thus, 

different estimates of r  provide evidence of a bubble.
15
 Applying West’s two-step test to 

the USD/Mark and USD/Pound exchange rates, Meese (1986) found evidence of bubbles in 

both series, where the fundamental model was based on relative money supplies and 

relative real incomes. Flood et al. (1986) and Dezhbakhsh and Demirguc-Kunt (1990) give 

criticisms of West’s two-step test, namely size distortions in small samples and when (2.6) 

is generalised to longer time periods. Another problem both papers highlight is the test is 

still susceptible to the observation equivalence problem. 

 

The tests mentioned so far require very few restrictions on the bubble structure, and 

essentially attempt to find something not explained by fundamentals. Diba and Grossman 

(1988a) attempt to take advantage of certain theoretical traits of bubbles. Diba and 

Grossman (1987, 1988b) note rational bubbles cannot restart, and thus if a rational bubble 

exists now, it must have always existed since the first day of trading, or circulation of the 

fiat money in the case of rational inflationary and exchange rate bubbles (Diba and 

                                                 
13
 Since the equilibrium condition underlying (2.6) will still be satisfied. 

14
 In the presence of a bubble which expands with dividends, the estimate of g in (2.9) will be much greater 

than justified. 
15
 Applying the test to stock prices, West (1987, 1988) found different estimates of r, indicating the presence 

of a bubble that is correlated with dividends. 
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Grossman, 1988c). This implies an asset must have been constantly overpriced compared to 

its fundamental value. Diba and Grossman (1988a) propose testing for bubbles by applying 

unit root and cointegration tests to the fundamental and price series. If the actual price 

series is not more explosive relative to the fundamental price, then this is evidence against 

bubbles since explosive behaviour in the fundamental price should generate similar 

behaviour in actual prices. Additionally, in the absence of a bubble, the price of an asset 

will equal its fundamental value if both the fundamental and price series are stationary in 

levels or first differences. In the presence of a bubble this relationship will not hold. 

Furthermore, Diba and Grossman (1988a) observe, in the absence of bubbles, if the first 

differences of the fundamental values are stationary then prices and fundamentals should be 

cointegrated.
16
 However, Diba and Grossman (1988a) also note if one finds that the first 

differences of prices are nonstationary, or that fundamentals and prices are not cointegrated 

then this cannot be interpreted as evidence of bubbles. These findings could instead be due 

to nonstationarity in unobserved variables (Diba and Grossman (1988a) include a term in 

their model capturing the effects of unobservable variables on market fundamentals). 

Applying the methodology of Diba and Grossman (1988a), Meese (1986) found a lack of 

cointegration between exchange rates (USD/Mark and USD/Pound) and the fundamentals, 

and also found both exchange rates to be less stationary than market fundamentals, and 

hence rejected the no-bubbles hypothesis. 

 

However, Evans (1991) shows that the conventional unit-root and cointegration tests are 

unable to detect bubbles with more complex nonlinear structures, namely periodically 

collapsing bubbles
17
, and the approach in Diba and Grossman (1988a) results in a high 

likelihood of incorrectly concluding there are no bubbles. Through Monte Carlo 

simulations, Evans (1991) demonstrated standard unit root and cointegration tests are not 

able to effectively differentiate between a stationary process and a periodically collapsing 

bubble, and hence, are unsuitable methods for detecting bubbles. The critique in Evans 

(1991) changed the landscape of the bubble literature, creating a shift in focus to bubbles 

with more complex structures, and leading to the use of more intricate models. van Norden 

                                                 
16
 Applying their tests, Diba and Grossman (1988a) do not find any evidence of bubbles in stock prices 

(Standard & Poor’s Composite Stock Price Index) using data from 1871 to 1986. 
17
 Periodically collapsing bubbles are discussed in more detail in Section 4.2. 
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(1996) employs regime-switching model of bubbles, and finds evidence of bubbles in 

exchange rates. Hall et al. (1999) propose a two-regime Markov-switching ADF test and 

shows it has more power than the standard right-tailed unit root test in detecting bubbles in 

the presence of periodically collapsing behaviour.  

 

To account for the possibility of bubbles being correlated with fundamentals (i.e. intrinsic 

bubbles), Froot and Obstfeld (1991) propose a model where the bubble process is entirely 

dependent on the value of fundamentals. If a bubble exists, the price of an asset will be 

more responsive to innovations in its fundamentals than is justified by the market 

fundamentals solution given by equation (2.2). Using this model, Froot and Obstfeld (1991) 

find evidence of bubbles in US stock prices between 1900 and 1988. Driffill and Sola 

(1998), and van Norden and Schaller (1999) both show the approach is still susceptible to 

the observational equivalence issue. Both papers show when fundamentals are modeled as a 

Markov-switching process (cf. Hall et al., 1999), rather than a random walk as assumed by 

Froot and Obstfeld (1991), there is little evidence of bubbles. 

 

Another more recent approach that overcomes the flaws of Diba and Grossman (1988a), is 

the sup Augmented Dickey-Fuller (SADF) test proposed by Phillips et al. (2011). The 

SADF test combines a right-tail Augmented Dickey-Fuller (ADF) test and a sup test on a 

forward expanding sample sequence. Through Monte Carlo simulations, Phillips et al. 

(2011) show that in the presence of periodically collapsing bubbles, the SADF test has 

significantly more power to detect bubbles than the standard unit root and cointegration 

based methods used in Diba and Grossman (1988a). Phillips et al. (2011) also propose a 

date stamping procedure which allows estimation of the dates the bubble begins and 

terminates. Using the SADF and date stamping procedures, Phillips et al. (2011) are able to 

detect exuberance in the Nasdaq during the ‘dot-com bubble’ period. Interestingly, they 

find the bubble initiated in mid-1995, just over a year before former chairman of the 

Federal Reserve Board Alan Greenspan coined the phrase “irrational exuberance” to 

describe the herd mentality of the stock market, and terminated between September 2000 

and March 2001. Phillips et al. (2011), and Phillips and Yu (2011) address the 

observational equivalence issue in the context of the SADF test, and conclude evidence of 
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explosive behaviour still holds under the assumption of a time-varying discount rate. The 

SADF test is central to this paper, and forms one half of the new test procedure for bubbles 

proposed in this paper. 

 

2.3 Unit Root Tests 

Following the development of the concept of cointegration in Granger (1981), and Engle 

and Granger (1987), both of which emphasised the importance of stationarity in making 

correct statistical inference, testing the stationarity (or nonstationarity) of an economic time 

series has become an essential part of time series analysis. Although the ADF (or DF) test 

(Dickey and Fuller, 1979, 1981) is the most commonly applied unit root test,
18
 there have 

been an abundance of papers proposing modified versions which attempt to overcome the 

poor size and power properties of many unit root tests. 

 

The Phillip-Perron test (Phillips and Perron, 1988) provides an alternative (to the ADF test) 

for dealing with serial correlation in the errors, which does not suffer from the same 

degrees of freedom loss as the ADF test, by altering the DF statistic before comparing it to 

the relevant critical values. Schwert (1989) discusses the significant finite sample size 

distortions of ADF and Phillips-Perron type tests in the presence of autocorrelated errors, 

and finds that the Said-Dickey test (Said and Dickey, 1984) has the least size distortions. 

Ng and Perron (1995) demonstrate the importance of using the optimal number of lags. 

Including too few lags (i.e. a model which is too parsimonious) will not remove all of the 

autocorrelation, leading to large size distortions and thus biasing results. A model with too 

many lags will increase the coefficient standard errors, and reduce the power of the test. 

They also show that sequential test methods for selecting the optimal lag length such as the 

Campbell and Perron (1991) procedure (which is employed in this paper) have smaller size 

distortions but similar power, when compared to information based methods. 

 

Perron and Ng (1996) consider different variants of the Phillips–Perron test, and based on 

simulation results, show these modified tests have lower size distortions relative to other 

                                                 
18
 Due to its simplicity, and also because Monte Carlo studies conducted by such papers as Haug (1993, 1996) 

show the ADF test performs relatively well. 
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tests for unit roots. The Ng-Perron test (Ng and Perron, 2001) was the culmination of many 

papers by the two authors, and is shown to have exceptional power and size properties. 

Other proposed methods of increasing the power of unit root tests include adding 

explanatory variables in the test regression (Hansen, 1995), allowing more flexible time 

trends (Caporale and Pittis, 1999), bootstrapping unit root tests (DeAngelis et al., 1997), 

incorporating structural break comparisons (Perron, 1989), and adopting stationarity as the 

null hypothesis (Kwiatkowski et al., 1992). 

 

As evidenced by the discussion in the preceding paragraphs, unit root tests generally have 

low power, and there exists no unanimously most powerful unit root test.
19
 However, one 

procedure which has been found to increase the power of unit root tests is the forward and 

reverse DF regression method (also called the MAX test) proposed in Leybourne (1995). 

Leybourne (1995) finds that the power of the DF unit root test can be increased by using 

the maximum of the forward DF statistic (the usual DF test statistic based on the original 

data) and the reverse DF statistic (based on the data in reverse order). Applying the MAX 

test to various US macroeconomic time series, Leybourne (1995) finds less evidence of unit 

roots than does the standard ADF test. The MAX test’s power increase is supported by 

Leybourne et al. (2005), who compare the size and power properties of several modified 

versions of the DF test, and recommend Leybourne’s (1995) MAX test as the best. The 

MAX test forms the other half of the new test procedure for bubbles proposed in this paper. 

 

 

 

 

 

 

 

 
                                                 
19
 Haldrup and Jansson (2006) provide a survey of many modified tests which propose to improve the power 

and size properties of unit root tests. 
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3. ECO�OMETRIC METHODOLOGY 

 

In my attempts to detect a bubble in the USD/AUD exchange rate I combine two 

procedures – the SADF test proposed in Phillips et al. (2011), and Leybourne’s (1995) 

forward and reverse DF regressions (MAX test) – to produce a new test which I call the 

MAX Sup Augmented Dickey-Fuller (MSADF) test. Additionally, the procedure used to 

estimate the origination and termination dates of the bubble is based on Phillips et al. 

(2011). A SVAR model is then estimated for the purposes of counterfactual analysis. 

 

3.1 Sup Augmented Dickey-Fuller Test 

3.1.1 Forward Recursive Sup Augmented Dickey-Fuller Test 

Phillips et al. (2011) propose the use of a forward recursive sup Augmented Dickey-Fuller 

(SADF) test to detect bubble behaviour. The forward recursive SADF test (which I also call 

the expanding window SADF test) conducts an ADF test repeatedly on a forward 

expanding sample sequence and then conducts a hypothesis test based on the supremum 

(sup) ADF statistic. In the search for bubbles, this becomes a right-tail ADF test, where the 

null hypothesis is a unit root and the alternative is an explosive process. In applying the 

right-tail test, the autoregressive model (3.1) is estimated by ordinary least squares (OLS): 

2

1

1

,  ~ (0, )                               (3.1)
k iid

t t i t i t t

i

y y y �α β ϕ ε ε σ− −
=

∆ = + + ∆ +∑  

for some given number of lags k, where iid denotes independent and identically distributed 

and � denotes normal distribution
20
. The t-statistic of β ( )ˆ ˆdefined as ( 1) ( )seβ β−  is then 

used for hypothesis testing where the null hypothesis of a unit root is 0 : 0H β =  and the 

right tailed explosive alternative is 1 : 0H β > . 

 

Following Phillips et al. (2011), this paper uses the procedure proposed in Campbell and 

Perron (1991) to determine the optimal lag length k in (3.1).
21
 This procedure begins by 

                                                 
20
 As noted in Phillips et al. (2011), the assumption of normality is not required for the asymptotic theory they 

develop, but it is required for finite sample bias correction. 
21
 Results are also compared to the optimal lag length chosen by Schwarz information criterion (SIC) and 

Akaike information criterion (AIC) for robustness. 
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first specifying some upper bound for the lag length, which is chosen to be 12 in this paper. 

The coefficients on the lagged difference terms are then sequentially tested for significance 

using a 5% significance level. Beginning with the upper bound of 12k = , if the last 

included lag is significant at the 5% level, then a lag length of 12k =  is selected. However, 

if it is not, then the lag length is sequentially reduced by one until the coefficient on the last 

lag is significant at the 5% level.
22
 

 

In the expanding window SADF test, (3.1) is estimated repeatedly, using subsamples of the 

data incremented by one observation at each pass. The first regression involves the first

][ 00 Tr=τ  observations of the data, where 0r  is some fraction of the whole sample T  and 

][⋅  denotes the integer value of the argument. Hence, this first regression will involve the 

first observation of the sample 1n =  to the jth  observation of the sample. This first 

regression produces a corresponding ADF statistic for that subsample denoted by 
0r

ADF . 

The next regression employs this originating subsample 0τ  incremented by one 

observation, and produces a corresponding ADF statistic 
1r

ADF . Thus, this second 

regression involves the first observation 1n =  to the ( 1)j th+  observation of the sample. 

This process continues, where each subsequent regression employs the preceding subset of 

data incremented by one observation at each pass, and produces a corresponding ADF 

statistic. The window size wr  expands from 0r  to 1 0(i.e. 1)wr r≤ ≤  during this procedure, 

where 0rrw =  is selected to ensure estimation efficiency and 1=wr  corresponds to the full 

sample size, so that 
1r

w
ADF =  is just the full sample ADF statistic. This forward expanding 

procedure produces a sample of ADF statistics for the data with the SADF statistic, denoted 

[ ,1]

sup
w o

r
w

r r

ADF
∈

, the supremum ADF statistic of the sample of ADF statistics produced. 

Comparing 
[ ,1]

sup
w o

r
w

r r

ADF
∈

 with the right-tailed critical values allows one to test the unit root 

null hypothesis against the explosive alternative hypothesis. 

 

 

                                                 
22
 Refer to Section 2.3 for the reasons behind using this procedure. 
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3.1.2 Forward Rolling Sup Augmented Dickey-Fuller Test 

Shi et al. (2010) show that the forward recursive procedures discussed in Section 3.1.1 may 

fail to detect bubbles when there are multiple collapsing episodes within the sample period. 

This is due to the complex nonlinear structure of a bubble with multiple collapsing 

episodes. To overcome this pitfall, Shi et al. (2010) propose allowing the starting point of 

each subsample to change.
23
 The forward rolling SADF test is one such method of 

incorporating a shifting starting point. The mechanics behind the forward rolling SADF test 

(which I also call the rolling window SADF test) are essentially the same as that of the 

expanding window SADF. Again, the procedure conducts a hypothesis test based on the 

supremum ADF statistic, where the null and alternative hypotheses are the same as the 

forward recursive methods. The only difference between the two procedures is that the 

forward rolling method incorporates a forward rolling sample sequence rather than a 

forward expanding sequence. 

 

In the rolling window SADF test, (3.1) is estimated repeatedly using subsets of the data 

rolled forward by one observation at each pass. In each regression, the size of the 

subsample analysed remains the same at [ ]wTr  observations. The first regression 0τ  

involves the first [ ]wTr  observations of the data where the window size wr  is some fraction 

of the whole selected before any estimation
24
. It is important to emphasise that the window 

size wr , selected to ensure estimation efficiency, does not change throughout this 

procedure. The first regression 0τ  
will involve the first observation of the sample 1n =  to 

the jth  observation of the sample. Again, this first regression produces a corresponding 

ADF statistic denoted by 
0

ADFτ . The next regression 1τ  employs the originating subsample 

used in 0τ , rolled forward by one observation, and also produces a corresponding ADF 

statistic 
1

ADFτ . This second regression will involve the second observation 2n =  to the 

( 1)j th+  observation of the sample. This process repeats, with each subsequent regression 

                                                 
23
 Shi et al. (2010) propose a generalised SADF test. 

24
 In this paper, I employ different window sizes to test the robustness of results, and also due to the fact that 

smaller windows may have more power to detect more complex bubbles structures. The advantage of using 

smaller windows is discussed further in Section 6. 
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employing the preceding subsample of data rolled forward by one observation and 

producing a corresponding ADF statistic. This forward rolling procedure produces a sample 

of ADF statistics for the data with the SADF statistic, denoted sup
wr

ADFτ , the supremum of 

the sample of produced ADF statistics
25
, which can compared against the relevant critical 

values for hypothesis testing. 

 

3.2 Forward and Reverse Dickey-Fuller Regressions 

Leybourne (1995) proposes conducting a Dickey-Fuller (DF) test on the original data, 

together with a DF test on the data in revere data, and then using the maximum of these two 

DF statistics for unit root testing. Leybourne et al. (2005) call this method the MAX test, 

and find it provides a more powerful unit root test.
26
 The MAX test begins by estimating 

equation (3.2) by OLS using the original data, producing the standard DF statistic 
fDF . 

1 ,     2,  ...,                                         (3.2)t t ty y t Tα β ε−= + + =  

The second step involves applying the DF test to the reverse realisation of the data series. 

This DF test for the reversed series, which produces a corresponding DF statistic denoted 

rDF , can be considered a t-test of * 1β =  in model (3.3) 

1* * ,      2,  ...,                                        (3.3)t t tz z t Tα β η−= + + =  

where tz  for 0,  1,  ...,  1t T= +  is defined as 0 1 1 1 1 0,  ,  ...,  ,  T T T Tz y z y z y z y+ += = = = . 

Leybourne’s proposed statistic, which Leybourne et al. (2005) denote MAX, is then the 

maximum of 
fDF  and rDF  (i.e. max( ,  )f rMAX DF DF= ). In testing for bubbles, a right-

tailed test is conducted, where the null hypotheses are 0 : 1H β =  and 0 : * 1H β = , and the 

explosive alternatives are
 1 : 1H β >  and 1 : * 1H β > , for the forward (3.2) and reverse (3.3) 

cases respectively. 

 

 

 

                                                 
25
 There will be a different SADF statistic for different window sizes. 

26
 It should be noted that I use the augmented variant of the test in my paper. The extension of the test to the 

augmented case with lagged first differences is relatively straightforward. 
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3.3 MAX Sup Augmented Dickey-Fuller Test 

Combining the SADF and MAX tests produces a more powerful test for bubbles which I 

call the MAX Sup Augmented Dickey-Fuller (MSADF) test.
27
 The MSADF test gains the 

advantages of both procedures, namely the SADF test’s power improvement when testing 

for bubbles in the presence of periodically collapsing episodes, and the more powerful unit 

root test given by the MAX test. There will be two variants of the MSADF test, one 

incorporating a forward recursive method (or expanding window) and the other utilising a 

forward rolling method (or rolling window). 

 

If 
0[ ,1]

sup
w

w

f

r
r r

ADF
∈

 denotes the forward recursive SADF statistic for the forward series (the 

original data) and 
0[ ,1]

sup
w

w

r

r
r r

ADF
∈

 denotes the corresponding forward recursive SADF statistic 

for the reverse realisation of the data, then the forward recursive MSADF statistic, denoted 

[ ,1]
w

w o

r

r r

MAX
∈

 is given by the maximum of these two statistics. 

 

[ ,1] [ ,1][ ,1]

sup , sup .
w w w

w o w o
w o

f r

r r r
r r r rr r

MAX MAX ADF ADF
∈ ∈∈

 
=  

   

 

Similarly, if sup
w

f

r

ADFτ  and sup
w

r

r

ADFτ  denote the forward rolling SADF statistic for the 

forward series and reverse series respectively, then the forward rolling MSADF statistic, 

denoted 
wr

MAXτ , is given by the maximum of these two statistics, 

 sup , sup .
w ww

f r

r rr

MAX MAX ADF ADFτ τ τ

 
=  

 
 

It is important to note that when employing the rolling window variant of the test, the 

MSADF statistic will be different for different window sizes. 

 

                                                 
27
 The expanding window MSADF test is applied to similar data used in Phillip et al. (2011), leading to the 

same conclusion that there was a bubble in the NASDAQ in the 1990s. Employing the date stamping 

procedures described in section 3.4, the results using the forward recursive MSADF test indicate the bubble 

began in November 1995 and ended in February 2001. Phillips et al. (2011) find the bubble begins in July 

1995 and ends in March 2001. The conclusions using the rolling window MSADF test are the same, that is, 

evidence of a bubble is found in the data. 
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For the purposes of the date stamping procedure described in Section 3.4 it also necessary 

to introduce how the ADF statistic for a particular date in the time series data is obtained. 

In calculating the forward recursive MSADF statistic a time series of ADF statistics is 

created as a byproduct. For most dates of the period analysed
28
, there will be two 

corresponding ADF statistics, one based on the forward series, and one based on the 

reverse series. If for a certain date in the sample, 
t

f

rADF  denotes the forward recursive 

ADF statistic using the forward series then there will be a corresponding ADF statistic 

t

r

rADF  for that date based on the reverse realisation of the data. 
t

f

rADF  will be based on the 

first observation 1n =  to the jth  observation, while 
t

r

rADF  will be based on the jth  

observation to the last observation n T=  (looking at the data in its original forward order) 

where the jth  observation corresponds to the data point for the particular date in concern. 

The ADF statistic associated with that particular date, denoted by 
tr

ADF , is then given by 

the maximum of these two statistics (i.e. ( ) ,
t t t

f r

r r rADF MAX ADF ADF= ). 

 

Similarly, for the rolling window procedures, if 
t

f
ADFτ  denotes the forward rolling ADF 

statistic for a particular date based on the forward series, and 
t

r
ADFτ  denotes the 

corresponding rolling window ADF statistic based on the reverse series, then the ADF 

statistic, denoted 
t

wr

ADFτ , for that particular date in the sample is given by the maximum of  

t

f
ADFτ  and t

r
ADFτ  (i.e. ( ) ,

t t t

w

f r

r

ADF MAX ADF ADFτ τ τ= . In the forward rolling case, if for 

example the window size was 25 observations, then 
t

f
ADFτ  will be based on the ( 25)j th−  

to the jth  observation, and 
t

r
ADFτ  will be based on the jth  to the ( 25)j th+  observation 

                                                 
28
 For each date of the sample up to, but not including, the 
� = [��]�ℎ observation, the corresponding ADF 
statistic will simply be the ADF statistic based on the reversed series since there will be no corresponding 

ADF statistic based on the forward series as the first ADF statistic generated from the forward series uses the 

first 
� = [��] observations. Similarly, looking at the data in its original forward order, for each date after 

the  − 
� = [(1 − ��)]�ℎ observation, the corresponding ADF statistic will be that based on the forward 

series, since the first ADF statistic generated using the reversed series is based on the last 
� = [��] 
observations, and hence there is no corresponding ADF statistic based on the reversed series. Similar logic 

extends to the rolling window variant of the test. 
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(looking at the data in its original forward order), where the jth  observation corresponds to 

the data point for the particular date of interest. 

 

3.4 Date Stamping Bubbles 

Comparing the MSADF statistic with the relevant right-tailed critical values allows one to 

conduct hypothesis testing of the unit root null against the explosive alternative only. But to 

date stamp the origination and termination of a bubble, Phillips et al. (2011) propose 

comparing the time series of forward recursive ADF statistics 
[1, ]

tr

t T

ADF
∈

 against the 

asymptotic right-tailed critical values of the standard DF t-statistic. Assuming the unit root 

null is rejected in favour of the explosive alternative, if sr  and fr  are the dates the bubble 

starts and finishes respectively, then estimates of these dates are given by 

{ } { }
0

ˆ ˆinf : ( ) ,  inf : ( ) ,
t n t n

t t s

ADF ADF

s t r t f t r t
r r r r

r r ADF cv r r r ADF cv rβ β≥ ≥
= > = <

⌢

 

where ( )
n

ADF

tcv rβ  is the right-tailed critical value for the relevant test statistic 
[1, ]

tr

t T

ADF
∈

 for a 

nβ  significance level. However, for consistent estimation of the true values { },  s fr r , 

Phillips et al. (2011) note that as the sample size approaches infinity, the significance level 

has to converge to zero asymptotically, and therefore ( )
n

ADF

tcv rβ  needs to approach infinity 

so that the type I error is eliminated. Phillips et al. (2011) propose letting the significance 

level nβ  depend on the sample size, and employ a direct setting and expansion rate for the 

critical value ( )
n

ADF

tcv rβ  which is given by 

log(log( ))
( )

100n

ADF t
t

Tr
cv rβ = . 

This is also the critical value used in this paper for date stamping purposes given that the 

unit root null is rejected using the MSADF test. It is important to emphasise that this date 

stamping procedure only applies to the forward recursive procedures, and hence, no attempt 

is made to identify the origination and termination dates of bubbles found employing the 

rolling window procedures. The above formula may not be entirely appropriate given a 

MSADF test is employed in this paper, whereas Philips et al. (2011) use a SADF test. 
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However, it is believed ( )
n

ADF

tcv rβ  provides a reasonable approximation given the 

similarities between the two tests. I leave for further research the development of a more 

appropriate critical value ( )
n

ADF

tcv rβ  for the MSADF test. 

 

3.5 Structural Vector Autoregression 

A Vector Autoregression (VAR) model is a system where each endogenous variable is 

written as a linear function of a constant, p lags of itself, and p lags of every other 

variable.
29
 Since each equation contains identical variables, the VAR can be estimated by 

OLS. A Structural VAR (SVAR) merely extends the VAR to include contemporaneous 

relationships between each variable. 

 

Assume an economy can be represented by a structural equation of the form 

( ) ,                                                           (3.4)t tL x εΓ =  

where tx  is a 1×k  vector of endogenous variables, tε  is a 1×k  vector of structural 

innovations  and )(LΓ  is a pth order matrix of polynomials in the lag operator L, 

p

p LLLLL Γ−−Γ−Γ−Γ−Γ=Γ ...)(
3

3

2

210
, 

where p is the number of lags in the model. Constant terms are omitted for simplicity of 

presentation. 0Γ  is a kk ×  non-singular matrix that describes the contemporaneous 

relationships between each variable in the model. The diagonal elements of
 0Γ  are 

normalised to be ones, and typically the identifying restrictions are imposed in this matrix. 

Additionally, the structural innovations are assumed to have a zero mean ( 0)( =tE ε ) and 

be orthogonal, that is, they are assumed to be serially uncorrelated with each other and 

hence uncorrelated across equations ( ( ' ) 0,  0t t sE sε ε − = ∀ ≠ ). Furthermore, the diagonal 

elements of diagonal matrix D (the variance-covariance matrix) are the variances of the 

structural innovations ( DE tt =)'( εε ). However, because of simultaneous endogeneity, 

estimation of the SVAR model is not valid unless more restrictions are imposed. A reduced 

form VAR must first be estimated by OLS. 

                                                 
29
 A deterministic time trend, seasonal dummies, and other exogenous variables may also be included if 

necessary, but must all be included in every equation. 
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The associated reduced form version of the above structural model (3.4) is given by 

( ) ,                                                            (3.5)t tL x uΦ =  

where p

p LLLLILL Φ−−Φ−Φ−Φ−=ΓΓ=Φ −
...)()(

3

3

2

21

1

0
 and .1

0 ttu ε−Γ=
 
Here, ( )LΦ  is 

a pth order polynomial of kk ×  lagged coefficient matrices, and tu is a 1×k  vector of 

reduced form errors, which are also assumed to have a zero mean ( 0)( =tuE ), be serially 

uncorrelated and uncorrelated across equations ( 0)'( =−sttuuE , 0≠∀s ). Additionally, the 

variance-covariance matrix Ω  of the reduced form errors ( Ω=)'( tt uuE ) is unrestricted. 

Comparisons of the structural (3.4) and reduced form (3.5) systems imply the following: 

1

0( ) ( )L L
−Φ = Γ Γ  

1

0t tu ε−= Γ  

1 1

0 0( ) ( ) 'D
− −Ω = Γ Γ  

These equations are the key to recovering the parameters of the structural equation from the 

reduced form VAR. In particular, 
1

0t tu ε−= Γ  is vital for construction of the counterfactual 

exchange rate. Estimation of the SVAR requires the model to be either exactly identified or 

over-identified. For exact identification, the total number of unique parameters in 0Γ  and 

D  (
22n n−  parameters in total) must equal the number of unique parameters in Ω  (which 

is ( 1) / 2n n+ ). Thus, 
22 ( 1) / 2n n n n− − +  restrictions on 0Γ  and D  are required for exact 

identification. Since D  is restricted to be a diagonal matrix, as is standard in SVAR 

literature (imposing ( 1)n n−  restrictions), an additional  ( 1) / 2n n−  restrictions are required 

on 0Γ . One way to achieve these restrictions is by assuming a standard recursive structure 

for 0Γ  (Sims, 1980), so that 0Γ  is a lower triangular matrix. However, this may imply 

unreasonable contemporaneous relationships between certain variables. An alternative 

method is to impose certain restrictions on 0Γ  so the implied contemporaneous 

relationships are consistent with economic theory. The identifying restrictions imposed on 

0Γ  in this paper are closely based on Brischetto and Voss (1999), who apply the Kim and 

Roubini (2000) model to Australia. The details of the SVAR model and identifying 

restrictions are described in Section 4.3. 
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4. HYPOTHESES A�D MODELS 

 

4.1 Hypothesis Formulation 

Shi et al. (2011) provide some empirical guidelines for conducting the right-tailed SADF 

test. After examining and comparing the limit theory of the SADF test under various 

hypothesis formulations and regression model specifications, they then analyse the size and 

power properties of the SADF test under different cases through simulations. The results 

highlight how sensitive the limit theory and test performance of the right-tailed unit root 

test are to the formulation of the null hypothesis and the model specification in the context 

of the forward recursive procedure proposed in Phillips et al. (2011). Shi et al. (2011) 

conclude when testing for explosive behaviour using the expanding window SADF test, the 

null hypothesis should be specified as a random walk process with an asymptotically 

negligible intercept, 

2

0 1: , with 0,  1 2  and ~ (0, ),
iid

t t t tH y dT y d �η ε η ε σ−
−= + + > >  

where T  is the sample size, and the alternative hypothesis is a mildly explosive process 

(Phillips and Magdalinos, 2007), 

2

1 1: 1 ~ (0, ),
iid

t t t t t tH y y with cT and �θδ ε δ ε σ−
−= + = +

 

where ,0>c  and (0,  1)θ ∈ . Following Phillips and Yu (2009), Shi et al. (2011) specify 

1H  without a deterministic trend or intercept since both terms would create a “dominating 

deterministic component that has an empirically unrealistic form”. Shi et al. (2011) also 

find the preferred regression model to use is
 
equation (3.1),

 

2

1

1

,  ~ (0, ).
k iid

t t t i t t

i

y y y �α β ϕ ε ε σ− −
=

∆ = + + ∆ +∑  

 

4.2 Model Specification 

If bubbles are present, then the price of the asset should exhibit explosive characteristics. 

This property allows a bubble process to be expressed in terms of an autoregressive model 

1                                                        (4.1)t t ty yα ρ ε−= + +  
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where for certain periods of the data, 1ρ > . Thus, the MSADF tests and date stamping 

procedures will identify a bubble when (4.1) switches from a random walk (i.e. 1ρ = ) to an 

explosive process (i.e. 1ρ > ). This explosive behaviour for (4.1) and the alternative 

hypothesis 1H  in Section 4.1 can take many different forms. Two of the more important 

forms concerned in this paper are the periodically collapsing process (Evans, 1991) and the 

locally explosive process (Shi et al., 2011). The alternative hypothesis of the MSADF test 

includes both these forms. Evans (1991) proposes a class of bubbles which periodically 

collapse, but always remain positive and continue to increase. This periodically collapsing 

process takes the form: 

1

1

1 1

(1 )                                  if  

1
   if 

1

t t t

t

t t t t

r B u B

B r
B u B

r

α

δ
δ θ α

π

+

+
+ +

+ ≤


=  +  + − >   +  
 

When the value of tB  is small ( tB α≤ ) the bubble increases gradually at a mean rate of 

1 r+ , but once the value of the bubble increases above some threshold value ( tB α> ), it 

expands, on average, at a more rapid rate 
1(1 )r π −+ . However, the bubble may collapse 

each period with probability 1 π− . When the bubble does collapse, its value shrinks to a 

small positive mean value of δ , and the process repeats.30 

 

Shi et al. (2011) modify the locally explosive process proposed in Phillip and Yu (2009), 

which is derived from the mildly explosive process in Phillips and Magdalinos (2007). Shi 

et al.’s (2011) modified locally explosive process takes the form:
 

1 1 1

1 2

1 3

t t s e

t T t t s c

T t t c e

u y for t T or t T

y y for T t T

y for T t T

σ ε
φ σ ε
γ σ ε

−

−

−

+ + < >


= + ≤ ≤
 + < ≤

 

where sT , cT  and eT  are the dates the bubble starts, begins to collapse, and ends 

respectively, 
11T c T

αφ −= +  and 
21T c T

βγ −= − , with 1 2,  0c c >  and [ ],  0,  1α β ∈ . Shi et al. 

(2011) propose this form to reflect the fact most bubbles take longer than one period to 

                                                 
30
 Where � and � are positive parameters with  0 < � < (1 + �)�, ���� is an exogenous independently and 

identically distributed (iid) positive random variable with ����� = 1, and ���� is an exogenous iid Bernoulli 

process (independent of �) which equals 1 with probability � and 0 with probability 1 − �. 
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completely collapse.
31
 Thus, Shi et al. (2011) propose that ty  changes to a mildly stationary 

process when the bubble begins its collapse, rather than this collapse occurring abruptly.  

 

4.3 SVAR Model and Identification 

Based on results of the ADF unit root test (Table 5.1) and the Engle-Granger test for 

cointegration (Table 5.2), the final variables used in the SVAR model are 

[ ] 't t t t t t t tx Oil Com Y P M R EX= ∆ ∆ ∆ ∆ ∆ ∆ .
32
 The restrictions on the 

contemporaneous matrix 0Γ  are based on the model in Kim and Roubini (2000)
33
, with the 

ordering of variables following Brischetto and Voss (1999). The elements of the 0Γ  matrix 

are as follows: 

0

21

0 0

31 32

0 0 0

0 31 31 43

0 0 0

31 54 56

0 0 0 0

61 62 65 67

0 0 0 0 0 0

71 72 73 74 75 76

1 0 0 0 0 0 0

1 0 0 0 0 0

1 0 0 0 0

1 0 0 0

0 0 1 0

0 0 1

1

t

t

t

t t

t

t

t

Oil

b Com

b b Y

x b b b P

b b b M

b b b b R

b b b b b b EX

∆   
   − ∆   
   − − ∆
   

Γ = − − −   
   − − − ∆
   
− − − − ∆   

   − − − − − − ∆   

 

 

To provide a clearer illustration of the SVAR model, the equation for the first differences 

of the USD/AUD exchange rate is: 

0 0 0 0 0 0

71 72 73 74 75 76 1 1 7... .t t t t t t t p t p tEX b Oil b Com b Y b P b M b R B x B x u− −∆ = ∆ + ∆ + ∆ + + ∆ + ∆ + + + +  

 

The oil price variable (∆� !�) is included as a proxy for anticipated inflation. Although the 

commodity price variable (∆"#$�) may also capture anticipated inflation, the intention in 

including ∆"#$� in the SVAR model is to act as a proxy for Australia’s terms of trade. The 

inclusion of ∆"#$� is the only difference between the model in this paper and the model of 

Kim and Roubini (2000), and Brischetto and Voss (1999). The motivation for including 

                                                 
31
 Phillips et al. (2011) show the dot-com bubble started to collapse in March 2000, but the bubble completely 

terminated between September 2000 and March 2001. 
32
 Refer to Section 5 and Appendix 1 for full details and definitions of the data. 

33
 Using this model, Kim and Roubini (2000) find no evidence of the price, exchange rate, liquidity or 

forward discount bias puzzles. 
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∆� !� is to account for forward-looking monetary policy, with Kim and Roubini (2000) 

showing the inclusion of such a variable resolves the price puzzle. The inclusion of ∆"#$� 

also accounts for the demand for Australia’s commodities, which is an important factor in 

determining the demand for the AUD, as has already been discussed. The remaining 

variables; relative output (∆%), relative prices (&), relative money supply (∆'), relative 

interest rates (∆() and the exchange rate (∆��) are the usual variables included in open 

economy monetary business cycle models, with ∆�� central to the analysis in this paper. 

Relative variables are used due to the belief the exchange rate between two countries is 

governed by the differences between economic fundamentals. 

 

The justifications for imposing the restrictions in 0Γ  are as follows. Oil and commodity 

prices are unaffected contemporaneously by the movements in the other variables. As 

already discussed, oil prices capture anticipated inflation while commodity prices are 

believed to be largely determined by external factors (e.g. demand from Asia). Output and 

prices (in line with the predictions of the Phillips Curve) are expected to respond 

immediately to movements in oil and commodity prices, as businesses will be quick to 

factor these price movements into production and pricing decisions. Additionally under the 

AS/AD framework, there is assumed to be a contemporaneous relationship between output 

and price levels. Otherwise, output and price levels are assumed to respond gradually to the 

model’s financial variables. No contemporaneous relationships are assumed between 

interest rates, and output and price levels since measures of these are not available when 

monetary policy is set. On the other hand, there are contemporaneous links between interest 

rates, and oil and commodity prices, reflecting forward-looking monetary policy. The 

immediate response of interest rates to money supply (M1), and vice versa, is standard. 

Finally, the USD/AUD exchange rate is contemporaneously affected by all variables, 

reflecting the fact it is a financial variable which responds immediately to all information.
34
 

 

 

 

                                                 
34
 There are also economic theories which justify many of these assumptions. For example, the Fisher 

equation for interest rates and inflation, and the sticky price assumption for the relationship between price 

levels and other variables in the model. 



37 

 

5. DATA 

 

5.1 Data Description 

The sample period for the data is December 1983 to June 2011 (1983Q4 to 2011Q2), 

consisting of 111, 332 and 1400 observations for the quarterly, monthly and weekly 

frequencies respectively. December 1983 is used as the starting point since this is the 

month Australia floated its exchange rate. The variables used are the nominal USD/AUD 

exchange rate, an index of commodity prices, crude oil prices (Western Texas 

Intermediate), Australia’s official cash rate, the Federal Funds rate, and the headline 

consumer price index (CPI), a narrow monetary aggregate (M1), and real gross domestic 

product (GDP) for Australia and the US. More complete details of the data including 

descriptions, units of measurement, conversion methods (from monthly to quarterly), and 

sources are available in Appendix 1. All variables are in natural logarithms except for 

Australia’s official cash rate and the Federal Funds rate. 

 

All three data frequencies are used only for the nominal USD/AUD exchange rate, while 

the monthly data for Australia’s official cash rate and the Federal Funds rate are also used. 

The commodity price index data also deserves special mention. The series is the Reserve 

Bank of Australia’s (RBA) index of commodity (ICP), which provides an up to date 

indicator of the prices received by Australian commodity exporters. The ICP gives heavier 

weight to the prices of commodities which Australia exports more (36.7% of the ICP is 

weighted to iron ore and metallurgical coal).
35
 Thus, it provides a timely indicator of the 

commodity prices which are predominantly driving demand for the AUD. 

 

Finally, the reasons for using three different frequencies of data for the USD/AUD 

exchange rate are as follows. Although the majority of the volatility and the general trend 

in the exchange rate are captured by the lower frequency quarterly data, there may still be 

some important information or dynamics captured by the shorter term movements of the 

weekly data which may prove to be qualitatively significant in estimations. Additionally, as 

                                                 
35
 Since 7.3% of the ICP is weighted to crude oil prices, this could potentially result in some issues for the 

estimation of the SVAR model, where crude oil prices are included as a separate variable. 
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explained in more detail in the following sections, weekly data allows shorter window 

lengths (in terms of years) to be used for the rolling window MSADF test, which may 

provide more power to detect more complex bubble behaviour in the exchange rate. 

 

5.2 SVAR Data 

The variables used in estimation of the SVAR model are oil prices (� !), the index of 

commodity prices ("#$), relative levels of real GDP (%), relative price levels (&), relative 

monetary aggregates ('), relative interest rates ((), and the nominal USD/AUD exchange 

rate (��). All relative measures are relative to Australia.36 Before estimation of the SVAR 

model for the counterfactual analysis can begin, it is necessary to examine the properties of 

the data. A requirement for valid estimation of the reduced form VAR is the variables being 

modeled must be stationary (unless there are cointegrating relationships between the 

variables). In the presence of nonstationary variables, the standard assumptions for 

asymptotic analysis will not be valid, and estimation may lead to spurious results. To test 

for nonstationarity in the variables, an ADF test is conducted. Table 5.1 presents the results. 

 

Table 5.1: Augmented Dickey-Fuller Unit Root Test 

Integration 

Order 
)*+ ,-. / 0 1 2 34 

I(0) 
-1.036 

(0.738) 

-0.183 

(0.936) 

0.909 

(0.995) 

-4.013 

(0.002) 

-1.152 

(0.693) 

-2.568 

(0.103) 

-1.439 

(0.561) 

I(1) 
-8.267 

(0.000) 

-6.940 

(0.000) 

-9.074 

(0.000) 

-6.466 

(0.000) 

-10.156 

(0.000) 

-5.752 

(0.000) 

-9.030 

(0.000) 

Note: The null hypothesis is the variable has a unit root, and the 5% critical value is -2.888. 

Lag lengths were selected automatically using SIC, and all tests include a constant only. The 

p-values are in parentheses. 

 

The results indicate for all the variables except relative prices (&), the null of a unit root 

cannot be rejected in favour of the stationary alternative. Hence, it can be concluded that all 

                                                 
36
 Since the variables are initially in natural logarithms, the relative variables (%, &, ' and () are constructed 
as Variable(US) minus Variable (Australia). 
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the variables except relative prices are nonstationary. Further ADF tests on the differences 

of each variable indicate � !, "#$, %, ', (, and �� are all I(1) (i.e. the differences of 

these variables are stationary). Given these results, it is tempting to eliminate the 

nonstationarity by differencing the variables, and using the subsequent series for 

estimations. However, if there are any cointegrating relationships between the variables, 

then by doing this, important information regarding the long run equilibrium properties of 

the variables (suggested by economic theory) would be purged. To test for any 

cointegrating relationships, the Engle-Granger test is applied, with the results presented in 

Table 5.2. 

 

Table 5.2: Engle-Granger Test for Cointegration 

Test Statistic -3.759 

5% Critical Value 

(Five variable system) 
-4.710 

Note: The test statistic is based on the residuals from a regression where: 

Dependent variable: �� and Independent variables: � !, "#$, %, ', ( 

The null hypothesis is no cointegration, and the critical value is obtained from 

Phillips and Ouliaris (1990) Table IIc which only reports critical values for a system 

of up to five variables. The conclusion of no integration does not change if a trend or 

& is included in the regressions. 

 

The results in Table 5.2 indicate the null of no cointegration cannot be rejected. The 5% 

critical value is obtained Phillips and Ouliaris (1990) (Table IIc) which only reports critical 

values for a system of up to five variables. Given the test statistic (which is for a six 

variable system) is lower than this 5% critical value, it is safe to assume there are no 

cointegrating relationships between the variables. Following these results, the I(1) variables 

are differenced, with these series being used in subsequent VAR estimations. The final 

variables used are ∆� !, ∆"#$, ∆%, &, ∆', ∆( and ∆��, where the data is quarterly and 

the sample period is 1984Q1 to 2011Q2, consisting of 110 observations. 
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6. ESTIMATIO� RESULTS 

 

6.1 Testing for Bubbles in the USD/AUD Exchange Rate 

Table 6.1 reports the results from the expanding window MSADF test
37
 for the natural 

logarithm of the quarterly, monthly and weekly USD/AUD exchange rate for the full 

sample from December 1983 to June 2011. Figure 6.1 plots the corresponding graphs of the 

MSADF test, while Table 6.2 reports the right-tailed critical values (for the explosive 

alternative) for the MSADF test under different sample sizes. For the expanding window 

MSADF test, the originating subsamples 0r  are selected to ensure estimation efficiency and 

consist of 25 observations for the quarterly, monthly and weekly data. The critical values 

are obtained from 10 000 Monte Carlo simulations, with the data generating process (DGP) 

specified to be a random walk model
38
. The optimal lag length to account for serial 

correlation is determined by the method suggested by Campbell and Perron (1991), with 

the results also compared to the optimal lag length chosen by Schwarz information criterion 

(SIC) and Akaike information criterion (AIC).
39
 

 

Table 6.1: Forward Recursive MSADF Test 

Testing for explosive behaviour in the USD/AUD Exchange Rate from December 1983 

to June 2011 

Frequency of Data (Sample Size) MSADF Statistic 

Quarterly (111) -0.681 

Monthly (332) 0.974 

Weekly (1400) 1.780 

Note: All statistically insignificant at all relevant significance levels. Critical values are 

reported in Table 6.2. 

                                                 
37
 All MSADF tests are conducted using GAUSS Light 8.0. 

38
 5� = 5�6� + 7�, 7�~:(0,1). 

39
 The maximum lag length was set to 12. For the quarterly and monthly series, all three procedures selected 

the same lag length – zero for the quarterly data and one for the monthly data. However, for the weekly series 

there were significant differences in the optimal lag length chosen – Campbell and Perron (1991) procedure 

selecting five, AIC selecting 12 and SIC selecting zero. A reason for these differences may be that as one 

moves from lower frequency data to higher frequency data, one is moving further and further away from the 

normality assumption, so there are larger ARCH or heteroskedastic effects which may distort the tests. 
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Table 6.2: Forward Recursive MSADF Test 

Critical Values for the Explosive Alternative 

Sample Size 1% 5% 10% 

MSADF 

111 2.072 1.494 1.196 

332 2.335 1.790 1.522 

1400 2.859 2.216 1.926 

Note: The right-tailed critical values for the forward recursive MSADF test are obtained 

by 10 000 Monte Carlo simulations with the data generating process specified to be a 

random walk model. The sample sizes of 111, 332 and 1400, correspond respectively to 

the sizes of the quarterly, monthly and weekly samples used in this paper. 

 

Figure 6.1: Time Series of Forward Recursive MSADF Statistic 

�ominal USD/AUD Exchange Rate 
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Figure 6.1a: Quarterly Data
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Figure 6.1b: Monthly Data
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Comparing the statistics from Table 6.1 against the relevant critical values in Table 6.2, the 

results from the MSADF test indicate one cannot reject the null hypothesis 0 : 0H β =  in 

favour of the right-tailed explosive alternative 1 : 0H β >  at any relevant significance level. 

Hence, based on the forward recursive MSADF test, one can conclude that there is no 

evidence of bubbles in the nominal USD/AUD exchange rate for any of the frequencies 

analysed.
40
 

 

The MSADF tests are also applied to relative prices and interest rate differentials between 

the US and Australia as a test of explosiveness in the implied fundamental value of the 

USD/AUD exchange rate.
41
 This can be thought of as a test of the observational 

equivalence problem discussed in Section 2.2. If the fundamentals are none explosive but 

the actual exchange rate is, than this is evidence of a bubble. However, if the fundamental 

value and the actual exchange rate are both explosive then this may not necessarily indicate 

a bubble in the exchange rate, but instead reflect some regime switching or time-varying 

                                                 
40
 Interestingly, if one compares the MSADF statistics and the associated graphs in Figure 6.1 for each of the 

data frequencies, there appears to be some advantages in using higher frequency data. Though all three 

frequencies do not reject the unit root null, moving from lower to higher frequency data causes the MSADF 

statistic to become larger and closer to exceeding the right-tailed critical values. This suggests the movements 

in the data that are removed as one moves from higher to lower frequency in data are statistically important, 

and capture critical information and dynamics. However, as mentioned above, as one moves from lower to 

higher frequency data, one is moving further away from the normality assumption, so there are larger ARCH 

and heteroskedasticity effects which may distort tests. 
41
 Other possible fundamental models for exchange rates include a portfolio balance equation (Woo, 1984, 

Okina, 1985, and Borensztein, 1987), relative money supplies and relative real incomes (Meese, 1986). 
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fundamentals (Diba and Grossman, 1988a). Table 6.3 and Table 6.4 report the results from 

the forward recursive and rolling MSADF tests for the natural logarithm of relative 

prices
42
, and for the interest rate differentials for the full sample from December 1983 to 

June 2011, and also for Australia’s inflation targeting period from January 1993 to June 

2011. The reason why the latter period is analysed is due to a possible structural break in 

the two series (which would have significant implications on results), as the Reserve Bank 

of Australia (RBA) started its mission to stabilise inflation in 1993. 

 

 

 

Table 6.3: Forward Recursive and Forward Rolling MSADF Tests 

Testing for explosive behaviour in Relative Prices from Q4 1983 to Q2 2011 

 
Full Sample 

Q4 1983 – Q2 2011 

Inflation Targeting 

Q1 1993 – Q2 2011 

 Forward Recursive MSADF Statistic 

 1.042 -0.692 

Window Size in Years Forward Rolling MSADF Statistic 

6 1.717*** 1.510 

8 1.011 0.899 

10 0.866 0.319 

Note: *** indicates statistically significant at 10%. Otherwise, statistically insignificant at 

all relevant significance levels. Data is quarterly, with relative prices defined as the natural 

logarithm of US CPI minus the natural logarithm of Australian CPI. Critical values are 

reported in Table 6.2 and Table 6.6. 

 

 

 

                                                 
42
 Testing for explosive behaviour in relative prices may seem strange since the results of the ADF test (Table 

5.1) indicated the series was stationary. However, by looking at the ADF test for the full sample only, one is 

subject to the same criticisms of Diba and Grossman (1988a) by Evans (1991), namely standard unit root tests 

for the full sample are inappropriate in the presence of periodically collapsing bubbles. 
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Table 6.4: Forward Recursive and Forward Rolling MSADF Tests 

Testing for explosive behaviour in Interest Rate Differentials from December 1983 to 

June 2011 

 
Full Sample 

Dec 1983 – Jun 2011 

Inflation Targeting 

Jan 1993 – Jun 2011 

 Forward Recursive MSADF Statistic 

 0.741 0.741 

Window Size in Years Forward Rolling MSADF Statistic 

2 2.189 2.189 

3 2.387** 2.010 

5 1.843*** 0.596 

10 2.188** -0.312 

Note: ** and *** indicate statistically significant at 5% and 10% respectively. Otherwise, 

statistically insignificant at all relevant significance levels. Data is monthly and is defined 

as the US Federal Funds rate minus Australia’s official cash rate (both in decimal points). 

Critical values are reported in Table 6.2 and Table 6.6. 

 

When the MSADF tests are applied to the full sample for both series, the forward recursive 

procedures do not reject the unit root null, however the forward rolling procedures do reject 

the unit root null in favour of the explosive alternative at the 5% and 10% significance level 

depending on the window size used. This provides evidence of ‘bubble’ dynamics in the 

implied fundamental value of the USD/AUD exchange rate using the full sample. However, 

considering a subsample of the data reflecting Australia’s inflation targeting era, the results 

from both variants of the MSADF test do not reject the unit root null in favour of the 

explosive alternative. The findings of a ‘bubble’ in both series using the full sample is more 

a description of the data pre-inflation targeting, as it might seem surprising to claim there is 

a bubble in relative prices
43
 or interest rate differentials

44
. Therefore, I follow the 

                                                 
43
 It is possible to have rational inflationary bubbles (see for e.g. Flood and Garber (1980), and Diba and 

Grossman (1988c)), but this is thought of in the context of prices in a single country, rather than relative 

prices between two countries. 
44
 Phillips and Yu (2011) do however find a bubble in the spread between Baa and Aaa bond rates. 
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conclusion of no bubble in relative prices and interest rate differentials based on the 

inflation targeting period data. 

 

Given the hypothesis put forward by Caballero et al. (2008) and the evidence Phillips and 

Yu (2011) find regarding the presence of bubbles in commodity prices, the MSADF test is 

also applied to commodity and crude oil prices. Table 6.5 reports the results from the 

forward recursive MSADF test for the natural logarithm of the RBA’s index of commodity 

prices, and the natural logarithm of crude oil price, for the full quarterly sample from the 

fourth quarter of 1983 to the second quarter of June 2011. Figure 6.2 plots the time series of 

MSADF statistics for both series. As with the exchange rate, the originating subsamples 0r  

consists of 25 observations and the optimal lag length is determined by the Campbell and 

Perron (1991) method. 

 

Table 6.5: Forward Recursive MSADF Test 

Testing for explosive behaviour in the Index of Commodity Prices and Crude 

Oil from Q4 1983 to Q2 2011 

Series MSADF Statistic ŝr  ˆ
fr  

Index of Commodity 

Prices 
1.747** 

Q1 2008 

Q2 2010 

Q1 2009 

- 

Crude Oil Price 2.796* Q3 2007 Q3 2008 

Note: * and ** indicate statistically significant at 1% and 10% respectively. For both 

series, the data is quarterly and is the natural logarithm of the series. Critical values 

are reported in Table 6.2. 

 

The results from the forward recursive MSADF test provide evidence of a bubble in 

commodity prices at the 5% level, and also in crude oil prices at the 1% level of 

significance.
45
 Also plotted in both graphs in Figure 6.2 is the critical value curve 

( ) log(log( )) 100
n

ADF

w wcv r Trβ =  for date stamping procedures, with [1/111,  1]wr ∈  and 

                                                 
45
 Employing the rolling window MSADF test (results not reported), the conclusion of bubbles is maintained 

for both series. 
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111T = . Since wTr  ranges between 1 and 111, log(log( )) 100wTr  begins at -0.0037 and 

approaches 0.0155. The date stamping procedures suggest there was a bubble in 

commodity prices which originated in the first quarter of 2008 and terminated after the first 

quarter of 2009, and a bubble in crude oil prices which began in the third quarter of 2007 

and ended after the third quarter of 2008. The estimates of the origination date and 

termination date for the commodity and crude oil bubbles accord with Caballero et al. 

(2008) and Phillips and Yu (2011). Interestingly, the results indicate that commodity prices 

are greater than is fundamentally justified, that is, there is currently a bubble in commodity 

prices. 

 

Figure 6.2: Time Series of Forward Recursive MSADF Statistic 

Index of Commodity Prices and Crude Oil Price 
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Given that a bubble is found in commodity prices, but not in the USD/AUD exchange rate, 

one is led to two possible conclusions. The first is simply that there are no bubbles in the 

nominal USD/AUD exchange rate. The second is that there are bubbles in the exchange 

rate, but the forward recursive MSADF test fails to detect it due to low power. A possible 

cause of this low power is given by Shi et al. (2010), who suggest that the forward 

recursive test procedure may fail to reveal the existence of bubbles in the presence of 

multiple collapsing episodes within the sample period. This is due to the nonlinear structure 

of the bubble becoming more complex as one moves from a single bubble situation to 

multiple collapsing bubbles. In some sense, this criticism resembles the Evans (1991) 

critique, namely that as the structure of a bubble becomes more complex such as 

periodically collapsing bubbles, evidence of bubble behaviour becomes more difficult to 

detect.
46
 Although Phillips et al. (2011) show, through simulations, that the forward 

recursive SADF test overcomes the problem of periodically collapsing bubbles, perhaps it 

lacks the power to detect the especially complex structure of multiple collapsing bubbles as 

Shi et al. (2010) suggest. To avoid this pitfall of the forward recursive procedure when 

there are multiple collapsing episodes within the subsample, Shi et al. (2010) propose a 

generalized SADF test which applies the forward recursive SADF procedure but also 

allows the starting point of each subsample to change.
47
 However, it is believed that the 

forward rolling MSADF procedure used in this paper, which also allows the starting point 

of each subsample to shift, is sufficient enough to detect bubbles in the presence of multiple 

collapsing episodes. 

 

Table 6.7 reports the forward rolling MSADF test statistics for the log of quarterly, 

monthly and weekly USD/AUD exchange rate for the full sample from December 1983 to 

June 2011. Table 6.6 reports the relevant right-tailed critical values for the rolling window 

MSADF test for different sample sizes and various window lengths. The smallest window 

size wr  employed in estimations consisted of 24 observations (for the six year window 

                                                 
46
 Evans (1991) suggests standard unit root tests which look at the full sample alone are not able to detect 

periodically collapsing bubbles. 
47
 The generalized SADF proposed by Shi et al. (2010) essentially combines the expanding window SADF 

and rolling window SADF tests. 
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length for quarterly data, and two year window for monthly data)
48
. The asymptotic critical 

values are obtained from 10 000 Monte Carlo simulations, with the data generating process 

specified to be a random walk model
49
. The optimal lag length used in the regressions is the 

same as employed in the expanding window MSADF tests above. 

 

Table 6.6: Forward Rolling MSADF Test 

Critical Values for the Explosive Alternative 

Sample 

Size 

Window Size in Years 

(�o. of Observations, % of 

sample) 

1% 5% 10% 

111 

6 (24, 21.62%) 2.468 1.868 1.584 

8 (32, 28.82%) 2.272 1.706 1.423 

10 (40, 36.03%) 2.123 1.582 1.306 

332 

2 (24, 7.22%) 3.221 2.600 2.323 

3 (36, 10.84%) 2.837 2.319 2.029 

5 (60, 18.07%) 2.541 2.026 1.755 

10 (120, 36.14%) 2.229 1.658 1.384 

1400 

0.5 (26, 1.79%) 5.183 4.321 3.978 

1 (52, 3.71%) 3.726 3.180 2.905 

2 (104, 7.42%) 3.075 2.593 2.361 

3 (156, 11.14%) 2.874 2.363 2.104 

5 (260, 18.57%) 2.528 2.036 1.796 

10 (520, 37.14%) 2.199 1.674 1.410 

Note: The critical values for the forward rolling MSADF test are obtained by 10 000 Monte 

Carlo simulations with the data generating process specified to be a random walk model. 

The sample sizes of 111, 332 and 1400, correspond respectively to the sizes of the 

quarterly, monthly and weekly samples used in this paper. 

                                                 
48
 The possible window lengths in terms of years one can use are determined by the frequency of the data. In 

some cases it is desirable to use window sizes which reflect a shorter period of time as bubbles may be short 

lived or there may be multiple collapsing bubbles within the sample. Hence, using higher frequency data may 

provide more power to detect bubbles due to the fact it allows smaller window time lengths to be utilised. 
49
 5� = 5�6� + 7�, 7�~:(0,1). 
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Table 6.7: Forward Rolling MSADF Test 

Testing for explosive behaviour in the USD/AUD Exchange Rate from December 1983 

to July 2011 

Frequency of 

Data 

(Sample Size) 

Window Size (Years) 

0.5 1 2 3 5 6 8 10 

Quarterly (111) - - - - - 0.685 0.585 0.416 

Monthly (332) - - 1.439 1.697 0.639 - - 0.332 

Weekly (1400) 4.064*** 2.478 1.815 1.647 0.771 - - 0.192 

Note:  *** indicates statistically significant at 10%. Otherwise, statistically insignificant at 

all relevant significance levels. Critical values are reported in Table 6.6. 

 

Comparisons of the rolling window MSADF statistics against the relevant critical values 

indicate one cannot reject the null hypothesis 0 : 0H β =  in favour of the right-tailed 

explosive alternative 1 : 0H β >  for almost all of the considered window sizes at any 

relevant significance level, which confirms the conclusion using the forward recursive 

procedures. However, when a window size of half a year (26 observations) is used for the 

weekly data there is evidence at the 10% level, of explosive behaviour in the USD/AUD 

exchange rate. Evidence of this bubble is not robust to larger window sizes which suggests, 

not only the possibility of multiple collapsing bubbles in the data, but perhaps some more 

complex bubble structure. This hypothesis is addressed in the following section. For 

robustness, the expanding and rolling window MSADF tests are applied to the quarterly 

real USD/AUD exchange rate (Appendix 2: Table A.6.1). The results indicate one cannot 

reject the null hypothesis 0 : 0H β =  in favour of the explosive alternative 1 : 0H β >  at any 

relevant significance level. 

 

6.2 Counterfactual Analysis 

The motivation for conducting counterfactual analysis on the USD/AUD exchange rate is 

similar to the motivation behind the rolling window procedures, specifically as the structure 
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of bubbles becomes more complex, they become more difficult to detect.
50
 The results of 

the MSADF test above indicate that there is no bubble in the exchange rate, which may 

indeed be the case. But armed with the knowledge that commodity prices are perhaps the 

most important determinant of the strength of the USD/AUD exchange rate, and that 

statistical evidence of a bubble is found in commodity prices, it would be foolish to 

conclude without further analysis that commodity prices do not cause some degree of 

explosive behaviour in the USD/AUD exchange rate. The reason why the MSADF tests 

may fail to detect bubbles, if they do exist, is due to a lack of power. One hypothesis for 

why there is this lack of power is described in what follows. 

 

Although commodity prices are a significant factor in determining the strength of the AUD, 

the USD/AUD exchange rate is also affected simultaneously by other factors and their 

shocks. Examples of other factors which may affect the performance of the AUD against 

the USD include relative interest rates, inflation levels, outputs and money supplies 

between Australia and the US. It may be the case the commodity price bubble does in fact 

cause some degree of explosive behaviour in the USD/AUD exchange, but the shocks of 

these other factors, which may themselves cause a bubble in the exchange rate, happen to 

counteract the effects of the commodity price bubble in such a way that the MSADF tests 

do not have the power to detect such complex bubble structures. I refer to this new class of 

bubbles as counteracting bubbles. As mentioned in Sections 2 and 3, a bubble may manifest 

itself in many different forms, and I hypothesise that counteracting bubbles are just another 

possible form in which explosive behaviour may present itself. 

 

To conduct the counterfactual analysis, a SVAR model is estimated. The SVAR estimates 

and associated residuals enable the exchange rate to be reconstructed and the exchange rate 

movements to be decomposed into underlying structural shocks. Single shocks or 

combinations of these structural shocks can then be set to zero, allowing the construction of 

a counterfactual exchange rate based on the estimates of the SVAR.
51
 If counteracting 

                                                 
50
 Two examples of this problem have already been discussed in periodically collapsing bubble (Evans, 1991), 

and multiple collapsing bubbles (Shi et al., 2010). 
51
 The SVAR estimates are conducted using EViews 5.0, while construction of the counterfactual exchange 

rates are conducted using GAUSS Light 8.0. 
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bubbles are present in the USD?AUD exchange rate, then by observing the movements of 

the exchange rate due purely to a single variable, the noise (and bubbles) created by the 

shocks of the other variables are removed, so the MSADF tests should have more power to 

detect bubbles in the USD/AUD exchange rate. 

 

6.2.1 Reduced Form Diagnostics 

First, the appropriate lag length for the VAR model is determined by comparing various 

information criteria (Table 6.8). Allowing a maximum of 6 lags, all three information 

criteria unanimously select a VAR model with one lag (i.e. a VAR(1)). The choice of a 

VAR(1) is supported by a multivariate LM test for serial correlation. The results reported in 

Table 6.9 indicate there is no evidence of serial correlation up to 6 lags. This is an 

important result since the reduced form VAR assumes the residuals are serially 

uncorrelated and hence, uncorrelated across equations. Thus, the estimates and associated 

residuals from a VAR(1) are used to construct the counterfactual exchange rate. 

 

Table 6.8: VAR Lag Order Selection Criteria 

 Lag AIC SIC HQ 

0 -28.385 -28.207 -28.312 

1  -31.775*  -30.351*  -31.198* 

2 -31.737 -29.067 -30.655 

3 -31.568 -27.652 -29.981 

4 -31.565 -26.403 -29.474 

5 -31.518 -25.110 -28.921 

6 -31.359 -23.705 -28.258 

Note: * indicates lag order selected by the criterion where: 

AIC: Akaike information criterion 

SIC: Schwarz information criterion 

HQ: Hannan-Quinn information criterion 

Endogenous variables: ∆� !, ∆"#$, ∆%, &, ∆', ∆(, ∆��; Exogenous variables: C  

Sample: 1984Q1 to 2011Q2; Included observations: 104 
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Table 6.9: VAR Residual Serial Correlation LM Tests  

 Lags LM-Stat Prob 

VAR(1) 

1  59.940  0.136 

2  58.150  0.173 

3  51.266  0.384 

4  54.757  0.265 

5  40.731  0.793 

6  39.945  0.818 

Null Hypothesis: No serial correlation at lag order h 

Sample: 1984Q1 to 2011Q2; Included observations: 109 

Probs from chi-square with 49 df 

 

Table 6.10 reports the variance decompositions of ∆��, while Figure 6.3 presents the 

impulse response functions of all the variables due to a one standard deviation shock to 

∆��. The variance decompositions confirm what has been suspected all along, namely the 

strong influence of commodity price movements on the nominal USD/AUD exchange 

(commodity prices contribute approximately 40% to the exchange rate forecast errors). 

Interestingly, the variance decompositions indicate relative prices and interest rate 

differentials are not as significant in determining exchange rates as economic theory (i.e. 

uncovered interest parity and purchasing power parity) might suggest. The impulse 

response functions (IRF) also provide some interesting, yet puzzling results, more 

specifically, positive shocks to commodity prices cause the AUD to depreciate against the 

USD. This relationship implied by the IRF goes against all intuition, since one would 

expect a positive commodity price shock to cause an appreciation of the AUD against the 

USD. This negative relationship implied by the IRF does not change when variables are 

removed from the model
52
, or a VAR(2) is estimated instead, or when the model is 

estimated using the variables in their log level nonstationary form (in case there actually 

were cointegrating relationships between the variables). Based on the negative correlation 

between the approximate percentage change in commodity prices (∆"#$) and the 

                                                 
52
 Since 7.3% of the commodity price index was weighted to crude oil prices, it may have been possible that 

this was causing the puzzling IRF. Evidently, it was not. 
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USD/AUD exchange rate (∆��), which was -0.595, the direction of the IRF may not seem 

so bizarre.
53
 One possible explanation is based on the basic demand and supply model; a 

positive shock to the growth rate of commodity prices results in a reduction in demand for 

Australian commodities. Recognising this demand decrease, investors and speculators will 

sell the AUD, as the expected return from holding the AUD has decreased due to the fall in 

commodity demand (which technically drives demand for the AUD, and not commodity 

prices itself), resulting in a depreciation of the AUD. 

 

 

 

 

Table 6.10: Variance Decomposition of USD/AUD Exchange Rate (∆34) 

Period ∆� ! ∆"#$ ∆% & ∆' ∆( ∆�� 

1 5.60 42.77 3.91 0.61 0.03 0.28 46.78 

2 5.18 41.36 8.94 0.82 0.20 0.31 43.16 

3 5.30 41.16 8.98 0.91 0.23 0.31 43.08 

4 5.30 41.13 8.97 0.99 0.24 0.31 43.03 

5 5.30 41.10 8.97 1.06 0.25 0.31 43.00 

6 5.30 41.07 8.96 1.13 0.25 0.31 42.96 

7 5.29 41.04 8.95 1.19 0.26 0.31 42.93 

8 5.29 41.02 8.95 1.24 0.26 0.31 42.90 

9 5.29 40.99 8.94 1.29 0.27 0.31 42.88 

10 5.29 40.97 8.94 1.33 0.27 0.31 42.86 

Note: Cholesky Ordering is ∆� !, ∆"#$, ∆%, &, ∆', ∆(, ∆�� 

 

 

 

 

 

                                                 
53
 However, the correlation between the log levels of the variables ("#$ and ��) was 0.337. 
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Figure 6.3: Impulse Response of Exchange Rate to One Standard Deviation Shock 
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6.2.2 Testing for Bubbles in the Counterfactual USD/AUD Exchange Rate 

I consider two different cases for reconstructing the counterfactual exchange rate. The first 

case (case 1) is what the USD/AUD exchange rate would have been had there been no 

shocks of a particular variable (but shocks of every other variable still affected the 

exchange rate). The second case (case 2) is what would the USD/AUD exchange rate have 

been if it had been affected by the shocks of only one variable (i.e. there are no shocks to 

any of the other variables). I consider both cases for five variables, so that 10 different 

counterfactual exchange rates are constructed in total (five of which exclude the shocks of 

only one variable, while the other five exclude all but the shocks of one variable). The 

variables which I focus on (i.e. the variables which are excluded or included) are the factors 

which theory says are fundamentally important in determining exchange rates (i.e. interest 

rate differentials according to uncovered interest parity, and relative price levels according 

to purchasing power parity) and factors which are generally believed to be important in 

determining the USD/AUD exchange rate (i.e. commodity prices and oil prices). 

Additionally, I consider shocks of the exchange rate itself (i.e. shocks not explained by the 

fundamentals in the SVAR model), which empirically explain the majority of exchange rate 

movements. The counterfactual exchange rates are presented in Figure A.6.1 (case 1) and 

Figure A.6.2 (case 2) in Appendix 2. 

 

Table 6.11 and Table 6.12 report the results from the MSADF tests (forward recursive and 

forward rolling) for the various counterfactual exchange rates under case 1 and case 2 

respectively. All counterfactual series are quarterly, and are the natural logarithms of the 

counterfactual nominal USD/AUD exchange rate for the full sample from December 1983 

to June 2011. For the expanding window MSADF tests, the originating subsamples 0r  

consist of 25 observations. The optimal lag length to account for serial correlation is 

determined by the Campbell and Perron (1991) procedure. 
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Table 6.11: Forward Recursive and Forward Rolling MSADF Tests 

Testing for Explosive Behaviour in the Counterfactual USD/AUD Exchange Rate 

from Q4 1983 to Q2 2011 (Case 1) 

Excluded 

Shock 

Exchange 

Rate 

Relative 

Price 

Interest Rate 

Differential 

Commodity 

Price 

Oil 

Price 

 Forward Recursive MSADF Statistic 

 -0.978 -0.312 -0.494 -0.443 -0.617 

Window Size 

in Years 
Forward Rolling MSADF Statistic 

6 1.118 0.956 0.768 0.928 0.970 

8 0.601 0.648 0.893 1.397 0.831 

10 0.640 0.378 0.751 1.952** 0.735 

Note: ** indicates statistically significant at 5%. Otherwise, statistically insignificant at all 

relevant significance levels. Critical values are reported in Table 6.2 and Table 6.6. 

 

Table 6.12: Forward Recursive and Forward Rolling MSADF Tests 

Testing for Explosive Behaviour in the Counterfactual USD/AUD Exchange Rate 

from Q4 1983 to Q2 2011 (Case 2) 

Included 

Shock 

Exchange 

Rate 

Relative 

Price 

Interest Rate 

Differential 

Commodity 

Price 

Oil 

Price 

 Forward Recursive MSADF Statistic 

 0.762 0.740 0.309 0.325 0.889 

Window Size 

in Years 
Forward Rolling MSADF Statistic 

6 1.873** 3.253* 2.738* 1.083 2.622* 

8 3.585* 3.051* 1.834** 1.270 2.745* 

10 2.070** 2.105** 2.265* 1.508*** 3.039* 

Note: *, ** and *** indicate statistically significant at 1%, 5% and 10% respectively. 

Otherwise, statistically insignificant at all relevant significance levels. Critical values are 

reported in Table 6.2 and Table 6.6. 
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Comparing the results in Table 6.11 (case 1) and Table 6.12 (case 2) provides evidence 

supporting the proposed counteracting bubbles hypothesis in the USD/AUD exchange rate. 

The results of both the expanding and rolling window MSADF tests on the counterfactual 

exchange rates under case 1 indicate the null hypothesis 0 : 0H β =  cannot be rejected in 

favour of the explosive alternative 1 : 0H β >  at any relevant significance level for the 

counterfactual USD/AUD exchange rate when the shocks due only to the exchange rate, 

relative prices, interest rate differentials, or oil prices are excluded. However, when shocks 

due only to commodity prices are excluded, there is evidence at the 5% level to reject the 

null hypothesis in favour of the explosive alternative, which allows one to conclude that 

there is a bubble in this particular counterfactual USD/AUD exchange series. 

 

The results of case 2 in Table 6.12 suggest some fascinating stories regarding the 

USD/AUD exchange rate. While the unit root null 0 : 0H β =  cannot be rejected against 

the bubble alternative 1 : 0H β >  based on the results of the forward recursive tests, the 

rolling window test results indicate the complete opposite. The forward rolling MSADF 

tests provide significant evidence of explosive behaviour in the counterfactual USD/AUD 

exchange rate when the shocks that affect the exchange rate are restricted to a single source. 

This conclusion applies to all variables considered – exchange rate, relative prices, interest 

rate differentials, commodity prices, and oil prices. Interestingly, while there is evidence of 

commodity price shocks causing bubbles, the evidence is relatively weak compared to the 

other variables. This suggests the relationship between commodity prices and the AUD is 

perhaps nonlinear and not as simple as generally believed. The results from Table 6.12 also 

suggest a bubble process which is positively correlated with the value of fundamentals, 

supporting the intrinsic bubble hypothesis of Froot and Obstfeld (1991). 

 

How should the results under the two cases be reconciled? From case 2, when shocks are 

restricted to a come from a single source, the results indicate all variables create some 

degree of explosive behaviour in the USD/AUD exchange rate. Additionally, given that 

only the rolling window MSADF test detects this exuberant behaviour, this suggests that 

the bubbles caused by the shocks of each respective variable are either periodically 
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collapsing (Evans, 1991), multiple collapsing episodes (Shi et al., 2010), or locally 

explosive processes (Shi et al., 2011), and when these bubbles are in their growth phase, 

they are not exceedingly explosive but only mildly explosive (Phillips and Magdalinos, 

2007). If this is truly the case, then the difficulty to detect bubbles in the exchange rate is 

only amplified, as a bubble caused for example by commodity prices, may be in its collapse 

phase, but another bubble caused by a shock to interest rate differentials for example, may 

be in its growth phase. Therefore, by combining the impacts of these two bubbles in 

opposite phases, the joint behaviour will not appear bubble-like, so when the actual 

nominal USD/AUD exchange rate is tested for bubbles, the MSADF tests fail to detect this 

particularly complex nonlinear bubble structure. The structure of this counteracting bubble 

only becomes more intricate and difficult to detect as the explosive behaviour caused by the 

shocks of other factors are added to the equation, and the structure of these bubble becomes 

more complex (i.e. the bubbles are periodically collapsing, multiple collapsing, or locally 

explosive). This phenomenon appears to be the explanation behind the conclusions of no 

bubbles in most of the counterfactual series under case 1 (Table 6.11) and the actual 

USD/AUD exchange rate (Section 6.1), and lends support to the new bubble structure (i.e. 

counteracting bubbles) hypothesised in this paper. Additionally, given the rolling window 

MSADF test finds evidence of a bubble in the counterfactual exchange rate when shocks 

due only to commodity prices are excluded (Table 6.11), this suggests commodity price 

bubbles are the biggest culprit in counteracting other bubbles. This is expected, given the 

large impact commodity prices have on the AUD. 
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7. CO�CLUSIO� 

 

The debate as to whether rational bubbles exist does not seem like coming to a conclusion 

anytime in the near future. Rational bubbles are notoriously difficult to detect, and even 

when there is evidence of bubbles in an asset price, the observational equivalence issue 

continues to act as a major hurdle in being able to confidently conclude the results are 

robust and a bubble does exist. Given this, perhaps the recent shift in focus to irrational 

bubbles is the future of the bubble literature. Even if a fundamental model of an asset 

incorporates every single variable (observed and unobserved) which influences the asset’s 

price, detecting a bubble is still going to prove a challenge. Bubbles can take various forms, 

from simple deterministic bubbles, to the more complex periodically collapsing bubbles 

and multiple collapsing bubbles. This paper only adds to the challenge of detecting bubbles 

by identifying a new and equally complex bubble structure, which this paper calls a 

counteracting bubble.  

 

One way of overcoming the challenge of detecting complex bubble structures is the SADF 

test proposed by Phillips et al. (2011) which provides a more powerful test for detecting 

bubbles, and has shown promise in being able to detect exuberance in asset prices in the 

presence of periodically collapsing bubbles. The MSADF test proposed in this paper 

combines this advantage of the SADF test with that of the MAX test (Leybourne, 1995), a 

procedure which has been shown to provide a more powerful unit root test. The resulting 

procedure provides a slightly more powerful bubble test in the presence of complex bubble 

behaviour, and hopefully brings the bubble literature one step closer to resolving the 

rational bubble puzzle. 

 

Applying two variants of the MSADF test to various counterfactual USD/AUD exchange 

rates, evidence is found of counteracting bubbles. A suggested avenue for future research 

could involve investigating the link between the AUD and commodity prices, with the 

results from this paper suggesting the impact of commodity prices on the USD/AUD 

exchange is nonlinear and not as simple as generally believed. Furthermore, if this 

counteracting bubble can only be identified by decomposing the exchange rate into separate 
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shocks, and is not directly observable in the actual exchange rate, can it really be classified 

as a bubble structure? This is a question which can only be answered by further research. 

Of course it could be the MSADF tests lack the power to detect such a complex bubble 

structure, or that there just really is no bubble in the USD/AUD exchange rate. If it is the 

former, the recommendations for further research then shift towards developing more 

powerful tests for particularly complex bubbles, which will prove a challenge in itself. 

 

As has been discussed in this paper, unit root tests generally have low power, and it is well 

known there are more powerful variants of the standard ADF test. So perhaps the MSADF 

test can be improved by substituting the ADF aspect of the procedure with the most 

powerful unit root test. But again, getting a unanimous opinion on the most powerful unit 

root test will likely prove difficult. Additionally, evidence from the counterfactual analysis 

suggests bubbles are correlated with fundamentals (i.e. intrinsic bubbles (Froot and 

Obstfeld, 1991)). Perhaps a procedure which extends the MSADF test to incorporate 

intrinsic bubbles or Markov-switching behaviour in bubbles and fundamentals (cf. van 

Norden, 1996, and Hall et al., 1999) will help deal with the observational equivalence issue, 

in addition to providing a more powerful and complete bubble test. 
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APPE�DIX 

 

Appendix 1: Data 

The sample period for the data is December 1983 to June 2011 (1983Q4 to 2011Q2). All 

variables are in natural logarithms except for Australia’s official cash rate and the Federal 

Funds rate. 

 

Exchange Rate (Quarterly, Monthly, and Weekly) 

Definition: USD/AUD nominal exchange rate 

Units:  United States dollars per one Australian dollar 

Conversion: Value on last day of the quarter/month/week 

Source: Reserve Bank of Australia 

 

Oil Price 

Definition: Western Texas Intermediate crude oil 

Units:  USD per barrel 

Conversion: Value on last day of the quarter 

Source: Federal Reserve Bank of St. Louis FRED database 

 

Commodity Price Index 

Definition: RBA index of commodity (All items) 

Units:  2008/09 = 100 

Conversion: Average level over the three months of the quarter 

Source: Reserve Bank of Australia, Table G5 

 

Australian GDP  

Definition: Real GDP (chain-linked) 

Units:  Millions of AUD (seasonally adjusted) 

Source: Reserve Bank of Australia, Table G10 
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US GDP 

Definition: Real GDP (chain-linked) 

Units:  Billions of Chained 2005 US Dollars (seasonally adjusted annual rate) 

Source: Federal Reserve Bank of St. Louis FRED database 

 

Consumer Price Index – Australia 

Definition: Headline (All groups) consumer price index 

Units:  1989/90 = 100 (not seasonally adjusted) 

Source: Reserve Bank of Australia, Table G2 

 

Consumer Price Index – US 

Definition: Headline (All items) consumer price index 

Units:  1982-84 = 100 (seasonally adjusted) 

Conversion: Average CPI over the three months of the quarter 

Source: Federal Reserve Bank of St. Louis FRED database 

 

Monetary Aggregate – Australia 

Definition: M1 

Units:  Billions of AUD (seasonally adjusted) 

Conversion: Value in last month of the quarter 

Source: Reserve Bank of Australia, Table D3 

 

Monetary Aggregate – US 

Definition: M1 

Units:  Billions of USD (seasonally adjusted) 

Conversion: Value in last month of the quarter 

Source: Federal Reserve Bank of St. Louis FRED database 
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Australia’s Official Cash Rate (Quarterly, and Monthly) 

Definition: Interbank cash rate until August 1990 and target cash rate thereafter 

Units:  Decimal point 

Conversion: Rate in last month of the quarter 

Source: Reserve Bank of Australia, Table F1 

 

Federal Funds Rate (Quarterly, and Monthly) 

Definition: Nominal US Federal Funds rate 

Units:  Decimal point (Federal Funds effective rate) 

Conversion: Rate in last month of the quarter 

Source: Board of Governors of the Federal Reserve System, Table H15 
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Appendix 2: Estimation Results 

 

Table A.6.1: Forward Recursive and Forward Rolling MSADF Tests 

Testing for explosive behaviour in the Real USD/AUD Exchange Rate from Q4 1983 

to Q2 2011 

 Forward Recursive MSADF Statistic 

 -0.530 

Window Size in Years Forward Rolling MSADF Statistic 

6 0.637 

8 0.601 

10 0.325 

Note: Data is quarterly, and is constructed as follows: The nominal USD/AUD exchange 

rate multiplied by US CPI, divided by Australian CPI. The natural logarithm of the final 

value is then taken. Critical values are reported in Table 6.2 and Table 6.6. 
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Figure A.6.1: Counterfactual Log �ominal USD/AUD Exchange Rate (Case 1) 

Excluding Shocks of a Single Variable 

 

  

 

 

 

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

12/83 10/90 8/97 6/04 4/11
Date

Excluding Exchange Rate Shocks

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

12/83 10/90 8/97 6/04 4/11

Date

Excluding Relative Price Shocks

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

12/83 10/90 8/97 6/04 4/11
Date

Excluding Interest Differential 

Shocks

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

12/83 10/90 8/97 6/04 4/11
Date

Excluding Commodity Price 

Shocks

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

12/83 10/90 8/97 6/04 4/11
Date

Excluding Oil Price Shocks



66 

 

Figure A.6.2: Counterfactual Log �ominal USD/AUD Exchange Rate (Case 2) 

Including Shocks of a Single Variable 
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