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Abstract 

This thesis aims to shed light on the question “Was Australia lucky to avoid the 2007 global 

financial crisis?” To answer this question the current early warning and crisis research was 

examined and tested using Australian data. An event study examines the indicators identified 

by Reinhart and Rogoff (2009) as important leading indicators of a financial crisis, and finds 

that they conform to the pattern they described in the lead up to the 1989 banking crisis in 

Australia and the 2007 event. Australian data for the period from September 1984 to March 

2012 is then run through two models from the early warning research. The first is the 

multivariate logit probability model developed by Barrell, Davis, Karim and Liadze (2010) 

and the second is the signal model developed by Borio and Drehmann (2009). Both of these 

models predict the 1989 crisis in Australia and both provide a clear warning that Australia 

was more vulnerable in 2007 than is generally acknowledged.  
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Chapter 1: Introduction 

Five years on from the GFC (Global Financial Crisis) economic instability continues in 

Europe and the US despite interest rates at the zero bound and unprecedented balance sheet 

expansion by the ECB, Federal Reserve and the Bank of England. Australia seems to have 

bypassed this. Was Australia different or just “lucky?” Referring to Donald Horne’s famous 

phrase in a recent speech entitled “The Lucky Country,” the Governor of the Reserve Bank of 

Australia, Glenn Stevens (2012), posed the following questions – “how much of the recent 

relatively good performance was due to luck?” and “are there signs of any of the things going 

wrong that people typically worry about?” and finally, “if there are, or were to be, such signs, 

could we do anything about it?” In answering the first question Glenn Stevens argued that 

Australia had created the economic luck of the past 5 years through very sound policy.  

Specifically, sound prudential policy, swift fiscal and monetary policy action at the time of 

the GFC, and the floating exchange rate which absorbed some of its shock. To the second 

question he referred to the two macroeconomic indicators that currently provoke much 

discussion – house prices and the current account deficit.  Acknowledging that house prices 

relative to income are much higher than they were 15 years ago, he said that there was no 

reason to believe the price to income ratio was correct 15 years ago and the longer the ratio 

stays high, the more an appeal to historic ratios appears irrelevant. Addressing the current 

account deficit, and the question of banks overseas funding, he pointed out that it has been 

beneficial for the banks to arrange the funding of Australia’s current account, and recently 

much of this funding has been replaced by domestic deposits with little disruption. Finally in 

addressing the question of whether we could do anything if there were signs of things going 

wrong, his answer was that there is ample room for further fiscal response and monetary 

policy easing and an unlimited ability for the RBA to expand its balance sheet with 

quantitative easing.  

Would the answers to these questions remain the same after an examination of the evidence 

from the current early warning research? The purpose of my thesis is to examine this 

literature to determine its relevance for Australia’s economy, to provide alternative answers 

to the above questions and to provide some discussion in light of the evidence presented. For 

instance, should Australia adopt an early warning set of indicators as a guide for 

implementing countercyclical policy?  The answer is “yes.” The main factors that are 

significant in a financial crisis: excess credit growth, strong asset price growth and large 
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capital inflows, are the same for Australia as they are for other advanced countries. Was 

Australia lucky? Not entirely – but we were more lucky than we realise. The factors Glenn 

Stevens attributes to sound policy were important factors in Australia’s resilience to the 

crisis. However policy actions that were “after the event” cannot be relied on for future 

crises. The same vulnerabilities that led to the downfall of many OECD countries had also 

built up in Australia prior to the GFC in 2007. There are “signs,” and there were signs, that 

Australia is, and was, vulnerable to an economic downturn. Australia can do better than 

responding to a crisis “ex-post.” The early warning models that I have tested in this thesis 

work well for Australia. It may not be possible to predict the exact timing of a crisis, but it is 

possible to monitor economic indicators and detect the vulnerabilities that can lead to an 

increase in the probability of a crisis. 

 Glenn Stevens’ suggestion that we have room for a response “ex-post” is not optimal for 

three reasons. First, these are the actions adopted by the EU and the US four years ago with 

disappointing results. GDP growth has been fragile and is currently trending down, and there 

is little evidence that monetary policy has created employment. Second, financial crises 

produce recessions that are longer and deeper than other business cycle recessions, especially 

those associated with housing busts (Claessens, Kose and Terrones, 2011, p. 1). Third, 

financial crises have the same characteristics and follow a predictable path (Reinhart and 

Rogoff, 2009). This means they are either preventable or can be mitigated. Australia has 

experienced three financial crises in her history – 1891, 1930 and 1989. All involved 

significant banking stress, rapid loss in GDP and the subsequent high unemployment that 

creates welfare losses and misery for her people. If a financial crisis is not a random “shock,” 

and if it can be prevented, then Australia should not rest on her laurels but actively work on 

preventing one. 

In this context, the importance of a set of leading indicators, an “early warning” set, can be 

seen.  Indicators that identify when credit growth is too far above trend and asset price 

growth is so “hot” that financial stability is threatened are very valuable if they help Australia 

minimise the economic costs of the next crisis. Financial indicators could, and should, 

provide the “signs” of an impending crisis. They are not new. Central Banks and international 

bodies monitor a wide variety of indicators as part of their macroprudential framework, 

including indicators which monitor risks such as credit, liquidity, leverage, foreign exchange, 

asset price and other. Each country monitors indicators specific to them and in addition IMF 
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members monitor a standardised set of 15 “core” and 24 “encouraged” Financial Soundness 

Indicators (FSI’s) (IMF, 2006). Why didn’t these indicators work? Why did the GFC take the 

majority of Central Banks, policymakers and economists by surprise? These are the questions 

the Group of Twenty have asked of the IMF, the FSB and the BIS and they form the 

framework of the joint “Early Warning Exercise” (IMF, 2010). This extensive research effort 

has provided some of the answers to the above questions. For instance, many of the indicators 

commonly monitored prior to the GFC, such as banks’ non-performing loans to total loans 

and liquid assets to total assets, are lagging, not leading, indicators. This includes many of the 

FSI’s. For example, the capital adequacy ratios for the US investment banks requiring the 

most intervention by policymakers were higher prior to the crisis than all other commercial 

US banks (IMF, 2009).  This calls into question the basis for why the indicators were 

monitored at all. Possibly they were selected in response to the last crisis. One of the 

arguments of this thesis is that the lack of a credible financial theory has left policymakers 

without a framework for financial stability policy. 

One such a framework is “macroprudential policy,” which seeks to limit system wide risk as 

opposed to microprudential policy which seeks to limit risk from a single financial institution 

(IMF, 2011b, p3). Early warning research is part of the international development of 

macroprudential policy and the development of leading indicators which effectively monitor 

and detect the build up in systemic risk is an important part of this effort. To assess the 

current state of macroprudential policy globally, the IMF (2011a) recently conducted a 

survey of member countries. They found that many Central Banks did not monitor for 

financial stability purposes the indicators that have been found relevant to a financial crisis. 

For example, current account deficit and capital inflows were monitored by only 30% of 

advanced economies and real estate index price change was monitored by only 52% of 

advanced economies. This demonstrates how much work needs to be done in this area.  

Early warning efforts are not new. Research has been ongoing since the 1994 Mexican crisis 

and the 1997 Asian crisis (Gola and Spadafora, 2009). These efforts have not been successful 

in the past and have attracted much criticism (see Grabel, 2003, p. 243).  Possibly they were 

too specific and relied too much on prediction. Recent efforts have been more successful 

because they have focused on simple models with the objective of providing policymakers 

with a clear sign that vulnerabilities have become unacceptably large (IMF, 2010, p.8). Two 

types of models have become established for this purpose. The first model is a parsimonious 

binary logit which predicts the probability of a pre-defined crisis using a range of explanatory 
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variables (or indicators). In chapter four I test the version of the logit model developed by 

Barrell, Davis, Karim and Liadze (2010) and find it has very good out of sample properties 

and relevance for Australia. The second model is based on the “signal” approach developed 

by Kaminsky and Reinhart (1996) where a signal is issued (S=1, 0 otherwise) when one or a 

set of indicators crosses a pre-determined threshold. I have chosen to test the version of this 

model, developed by Borio and Drehmann (2009), which uses a combination of a credit 

“gap” indicator and a property “gap” indicator to signal an impending crisis. I find this model 

shows that Australia displayed the same vulnerability to a financial crisis in 2007 that had 

occurred in 1989.  

Although an  early warning model is very useful if it can provide credible information that a 

significant slowdown is likely, its true value is in the insights it gives into how the real 

economy and the financial economy interact. These interactions are important determinants 

of recessions (for example see Claessens, Kose and Terrones, 2011) and it is now widely 

conceded that standard macroeconomic theory cannot explain them (IMF, 2012).  A credible 

theory is important for underpinning a macroprudential framework. Unless the interactions 

between the real economy and the financial economy are fully understood it will be difficult 

to design an effective regulatory framework that will allow for the healthy interaction that is 

needed for productive enterprise, but also provide the tools to intervene when excessive 

optimism breeds the risk-taking that ultimately leads to financial instability. The fallout from 

the GFC and the research into what went wrong will have ramifications for economic theory, 

prudential regulation and the conduct of monetary policy for many years in the future.
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Chapter 2: Literature Review 

(i): What do financial crises have in common?  

There are different types of financial crises, including for example, banking crises, currency 

crises and sovereign debt crises. Banking crises are the most common form of crisis for 

advanced economies. Laeven and Valencia (2010, p.6) define a banking crisis as occurring 

when there are signs of banking distress such as a bank run, and there are “significant 

banking policy intervention measures in response.” The British mortgage lender, Northern 

Rock, was a recent example of a banking crisis and in hindsight its difficulties foreshadowed 

the GFC. Developing countries typically experience currency crises. Kaminsky, Lizondo and 

Reinhart (1997, p. 8) define a currency crisis as a forced devaluation or a speculative attack 

which occurs “at the cost of a large increase in domestic interest rates and/or a sizable loss of 

international reserves.” The Mexican crisis in 1994 was a currency crisis, and this event 

spurred much of the crisis research, and the crisis research methodologies, which are featured 

in chapter four of this thesis. A sovereign debt crisis is defined by Reinhart and Rogoff (2009, 

p.11) as “the failure of a government to meet a principal or interest payment on the due date.” 

Sovereign debt crises are related to currency crises because they more commonly occur in 

countries with pegged currencies. Australia has had three financial crises and all of them 

were banking crises.  

Reinhart and Rogoff (2009) conducted an extensive study into the factors involved in all of 

the financial crises of the past 800 years. They find that regardless of the type of financial 

crisis, the single common theme to every crisis in eight centuries is “excessive debt 

accumulation, whether it be by the government, banks, corporations, or consumers” (p. xxv). 

The early warning research provides confirmation of this claim. Debt, or a closely related 

indicator, is perhaps the single variable common to the vast research and the numerous 

models developed in the early warning literature. Debt can be generated internally when 

financial liberalisation allows banks to increase their leverage, or through financial 

innovations such as debt securitisation. Prudential regulation plays an important role in 

mitigating these internally generated sources of excess credit (see Merrouche and Nier, 

2010). Debt can also be sourced externally and this will show up in the banks’ foreign 

liabilities (see Shin, 2011), through portfolio flows in the financial account and in the current 

account itself. In periods of increasing globalisation, debt most often comes from an external 

source, and this increases the potential for a systemic financial crisis. A systemic crisis is 
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defined by the IMF (2009, p. 3) as a “broad-based breakdown in the functioning of the 

financial system.”  

The frequency of financial crises increased markedly in the years following the successive 

deregulations of country’s financial systems in response to the inflation that had plagued the 

1970’s. Deregulation was based on the Efficient Market Hypothesis (EMH) that markets will 

find the correct price for an investment if they are not hindered by government actions 

(Quiggin, 2011, p3). In the period 1981 to 1996 three quarters of IMF members “had 

experienced problems in their banking sectors” Gola and Spadafora (2009, p.19). From 1996, 

during the period known as “The Great Moderation,” outbreaks of financial instability 

occurred on average every two years (IMF, 2010, Table 1, p.9). Almost all of these outbreaks 

occurred within five years of a country deregulating its financial system (Kaminsky and 

Reinhart, 1999).   

The progress from financial deregulation to financial crisis is documented by Reinhart and 

Rogoff (2009). The timeline usually consists of financial liberalisation, followed by large 

capital inflows (a “bonanza”), excess credit and rising asset prices. A downturn in GDP 

typically occurs prior to the crisis or shortly afterwards.  The concept of a capital inflow 

“bonanza” was developed by Reinhart and Reinhart (2008) in their paper studying the history 

of international capital flows and the association with financial instability. They find that a 

bonanza is systematically associated with a financial crisis in low to middle income countries. 

For high income countries such as Australia the association is high, but not systematic. This 

may be explained by Merrouche and Nier’s (2010) finding that capital flows are less 

significant if the regulatory environment is strong and the expansion in banks’ balance sheets 

(leverage) is curtailed. A bonanza is defined and identified for a high income country as a 

current account deficit to GDP ratio above the 20
th

 percentile of the absolute annual change in 

the current account to GDP ratio (p. 5). According to this definition Australia experienced 

capital inflow bonanzas in 1986, 1989, 2004-5 and 2007 (p. 15). Reinhart and Reinhart use 

the current account to GDP ratio to identify capital inflows because it is timely and 

consistently measured across countries and therefore comparable, and this is not the case with 

a more direct measure of capital inflows such as the financial account to GDP ratio. In the 

empirical section of this thesis I show that this is a reasonable approximation for capital 

inflows into Australia. However the current account to GDP ratio is not suitable for surplus 

countries such as Japan. Notwithstanding this limitation, the current account to GDP indicator 
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is a significant variable in the early warning logit model tested in the empirical section. 

Further, Claessens, Stijn, Kose and Terrones (2011, p. 23), highlight the higher vulnerability 

associated with a large current account deficit by finding that countries which go into a 

downturn with weak external balances experience severe recessions. Capital inflow bonanzas 

are procyclical. They are attracted to destinations where GDP is rising and the optimism for 

the country’s future prospects is also rising. Growth in GDP and the increased access to credit 

provided by the bonanza creates a positive upward momentum. Rising profits and lower 

unemployment means businesses and consumers become more confident to take on increased 

levels of debt. Aizenman and Jinjarak (2009, p. 1-4) found that a one standard deviation 

(approximately 4%) increase in the current account deficit is associated with a 10% increase 

in real estate prices in their sample of OECD countries, which included Australia. 

Interestingly they did not find the reverse – that is, high real estate prices do not cause an 

increase in the current account deficit. This implies that it is the demand for credit that drives 

real estate prices rather than the supply. De Nicolo and Lucchetta (2010, p. 5) also find that 

demand for credit drives the bank lending cycle, and not the other way around. This further 

implies that the demand for money drives the investment cycle. In this way the financial 

economy and the real economy are inter-linked, a point recognised by Minsky (1982, p. 9), 

but not possible in standard macroeconomic theory. Higher levels of investment produce 

higher profits which in turn can sustain higher levels of debt. Higher levels of profit and 

private sector debt lead to increases in real equity prices, commercial property prices and then 

dwelling prices. The increase in asset prices provides collateral for more leverage and these 

become financial assets (capital) on the banks’ balance sheet, producing further capacity for 

lending. The process is known as the “financial accelerator” (Barrell et al, 2010, p. 5). This 

situation can be sustained for a number of years, giving all players confidence that “this time 

is different” (Reinhart and Rogoff, 2009). Usually it is not. The self-reinforcing cycle of 

optimism described above is explained by Hyman Minsky’s Financial Instability Hypothesis 

(1982) which emphasises the links between the financial economy and the real economy, and 

is the basis for Minsky’s claim that financial instability is a characteristic of capitalism. 

 Reinhart and Rogoff (2009, p1) say that the end comes when a “crisis of confidence” pushes 

a highly leveraged economy over the “financial cliff.” Minsky (1982, p. 10) states that the 

end occurs when a large number of “units” cannot obtain the funds to roll-over their debt. 

This may be explained by Reinhart and Rogoff’s observation that GDP typically slows in the 

one to two years prior to the crisis (p. xxix). Minsky strongly advocated for policymakers to 
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step in at this point with a combination of fiscal stimulus and monetary policy actions to 

provide the funds needed to avoid a speedy downturn. This advice was successfully followed 

in Australia during the GFC by the RBA, who made a succession of large interest rate cuts in 

2008, and the Labor Government, who released a large fiscal stimulus in March 2009. It is 

these actions that Glenn Stevens’ rightfully claims as being not due to luck.  The 

effectiveness of the Australian Government’s policy response is demonstrated in the event 

study in chapter four of this thesis. 

The Swedish banking crisis of 1992 was a textbook case of the path to crisis identified by 

Reinhart and Rogoff. Following deregulation in 1985 private sector debt increased to over 

135% of GDP and real asset prices, particularly commercial property prices, increased by 

more than 125%. A large current account deficit became a capital inflow bonanza in 1990 – 

1992, and the result was that an increasingly large amount of private sector debt was 

denominated in foreign currency. This drove up the value of the local currency, weakening 

exports and causing a drop in GDP. The crisis materialised in 1992. The seven largest 

Swedish banks lost a total of 12% of Sweden’s GDP (Backstr ̈m, 1997).  

 Now consider the US in 2007. Financial liberalisation increased in 1999 when the law 

governing the separation of investment banking activities from commercial banking was 

repealed. This was followed in 2004 by the SEC (Securities and Exchange Commission) 

relaxing the rules restricting bank leverage. US real house prices doubled in the five years to 

2006 and the US current account deficit ballooned to 6.5% of GDP – a capital inflow 

bonanza courtesy of China (Rogoff and Reinhart, 2009, p. 207-214). With hind-sight it was 

clear that the US was heading for a costly economic crisis even without considering the 

regulatory failure relating to the securitisation of sub-prime mortgages. While many 

academics and economists questioned the “twin US deficits” and the run up in house prices, 

the Federal Reserve dismissed these concerns, using the logic based on the EMH that market 

professionals were better able to judge equilibrium house prices than “any government 

bureaucrat.” Reinhart and Rogoff (2009, pp. 212-213) call this a “policy of benign neglect.” 

Yet under the assumptions of the EMH this was a reasonable thing to believe, and this 

underlines the importance of a credible economic theory to guide policymakers. Another 

reason why the US authorities were caught by surprise may be that the US crisis was centred 

on dwelling prices and not commercial property, and this was quite different from the other 

financial crises of the post financial deregulation era. 
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 The Japanese speculative bubble in the 1980’s appears to differ on the surface because it did 

not experience a capital inflow bonanza. In Japan’s case the excess credit came from internal 

sources. One was the high rate of financial innovation. The equity market bubble meant that 

equity financing was an inexpensive source of funding for corporations. Eighty percent of 

Japanese firms raised their funds directly from wholesale markets, instead of through the 

banking system. This was done mainly through warrants, which are similar to a share option. 

Warrants are a form of leverage. The issuance of warrants and similar types of finance 

increased 18 times (from 1 trillion to 18 trillion yen) in the four years from 1984 to 1988, 

representing 80% of corporate financing (Gower, 2000). Faced with the loss of their 

traditional finance market the Japanese banks increased their lending to increasingly risky 

real estate ventures. They were provided with plenty of liquidity by the Bank of Japan, which 

was selling Yen in an effort to control the rapid appreciation in its value. The subsequent 

crash in both the equity and property markets left Japanese banks with over 70 trillion Yen of 

bad loans. Japan’s financial crisis had the usual characteristics of high levels of credit fuelling 

asset bubbles, but in this case the debt was internally created and so did not show up in the 

current account. Internally generated excess debt is invariably the product of a weak 

regulatory environment (Patrick, 1998). 

(ii): Are Australian crises different? 

Australia’s three financial crises were banking crises, with the most recent occurring in 1989. 

Preceding the 1989 crisis was financial deregulation in 1983, and a surge in capital inflows, 

which became a bonanza in 1986 and 1989. In the two years prior to the onset of the crisis in 

1990 house prices had averaged 17% real growth. Corporate debt had reached 60% of GDP 

and this high debt was increasingly secured “against over-valued commercial property” 

(Gizycki and Lowe, 2000, p. 183).  Property values softened from 1990 after a series of 

interest rate increases and this exposed the risks in the banks’ balance sheets. Westpac and 

the ANZ suffered heavy losses when they had to reduce the value of their property assets by 

40%. The State Bank of Victoria and the State Bank of South Australia lost 300% of their 

shareholders funds and were merged into the Commonwealth Bank. A run on the Pyramid 

Building Society, one of the largest non-bank financial institutions in Victoria, led to runs on 

the Bank of Melbourne and Metway Bank, prompting guarantees on depositors’ funds by the 

Victorian government. The runs stopped shortly after the RBA released a statement on the 

soundness of the institutions (Gizycki and Lowe, 2000, pp. 183-185), highlighting the 
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importance of confidence in governments and central banks. The 1989 event provides the 

basis for much of the empirical work in chapter four. 

Australia’s other two financial crises occurred in 1891 and 1930. Both crises followed from 

rapid credit growth and rising property prices. Property values in Sydney and Melbourne 

doubled in four years during both periods. A capital inflow bonanza from Britain allowed 

banks to extend credit beyond the level of domestic deposits (Fisher and Kent, 1999, pp.22-

26).The most interesting difference between the 1930’s crisis and that of 1891 and 1989 was 

that the banking system in the 1930’s largely survived intact whereas the banking system in 

the 1890’s substantially collapsed. Surprisingly the banking failures in 1989 were greater 

than in the Great Depression, and yet the downturn in GDP in 1930 was minus 10%, 

equalling the downturn in the 1890’s, but far exceeding the minus 1.5% in 1991. Fisher and 

Kent (1999, p.2) believe the difference between the performance of the banks in 1891 and 

1930’s was due to the differences in the health of the banking systems going in to the crises. 

This may be why Glenn Stevens believes that prudential regulation shielded Australia from 

the GFC in 2007. The event study in chapter four demonstrates that the Australian banks had 

lower leverage in 2007 than 1989 and it is this aspect of banking soundness that I find is the 

biggest difference between these two periods. Banks in the late 1880’s had significantly 

higher leverage than banks in the 1920’s and they had been more willing to lend to property 

speculators and risky projects, whereas banks in the late 1920’s had been more prudent and 

had increased their level of retained earnings throughout the period. Retained earnings are 

liquid and high quality assets and these are important defences during a financial crisis. This 

behaviour is almost self-regulation and Fisher and Kent (p. 34) suggest this could have been 

partly due to the relatively recent disaster of the 1890’s. The multivariate logit model tested 

in chapter four includes indicators of banks’ capital adequacy and liquidity as two of the four 

variables. The success of this model demonstrates the importance of banking sector 

soundness. Finally, it is noteworthy that the capital inflows in 1930 were much lower at 3-4% 

of GDP, than in 1891 at 9% of GDP. These two early financial crises in Australia’s history 

demonstrate that the same variables recur time and time again in the lead up to a crisis and 

Australian crises are no different to those of other advanced countries in this respect. The 

“signs” can be measured and monitored. This implies that an early warning “model” or set of 

indicators is possible, and a model is relevant for Australia as much as it is relevant for other 

countries. 
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(iii): What is the evidence from other financial indicators? 

There are other indicators that the early warning research has identified as important leading 

indicators of a financial crisis. Many of these indicators are variations on credit growth and 

the associated need to source funds from other than traditional domestic bank deposits when 

demand for credit exceeds supply. The indicators are discussed briefly below because they 

provide a potential alternative source of explanatory variables for a country specific logit 

model should this form of early warning model be developed for Australia. I discuss this 

further in the empirical section.  

Bank Leverage 

Bank leverage is the amount of credit extended by the banks divided by domestic bank 

deposits. A level above 100% means that banks have sought other sources of funding. For 

Australia, this is usually foreign borrowing – either from foreign savings, or increasingly, 

securitised debt instruments, broadly called “wholesale funding.” These latter sources have 

layers of extra risk. First, they expose Australian banks to foreign currency risk. Second, they 

expose the banks to interest rate risk. This is because the financial intermediaries involved in 

sourcing and packaging the funds each need to receive their “cut,” and this is only possible 

with short term funds because they are cheaper.  The interest rate risk arises from the 

repeated need to roll over the debt. If conditions are less favourable at the time of roll-over 

then the interest rate can vary substantially, or, as happened in 2008, funding can dry up 

completely (Shin, 2011, pp. 12-13).  

Banks Non-core Liabilities 

Shin (2011) makes a strong argument for the monitoring of the liabilities side of the banks’ 

balance sheets. These show the sources of funding that the banks have used to increase their 

lending, and the likely riskiness of these sources, for example short term debt securities. Non-

core liabilities of the banking system are closely associated with capital inflows because they 

are increasingly likely to be denominated in foreign currency (p. 8). Shin makes a good point 

that banks’ liabilities are not subject to the procyclical valuation of the assets (p. 6). 

Equity based indicators  

In an environment of easy credit, equity prices often rise in tandem with property prices. 

When equity markets crash the effects on GDP are not as long lasting as a real estate crash 
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because real estate cycles are more persistent than equity market cycles (Reinhart and Rogoff, 

2009, p. 162). Because Australia’s three crises have not involved equity prices I have not 

included them as an indicator in this thesis. 

(iv): What is an early warning model? 

The objective in developing an early warning model is to identify the vulnerabilities that 

typically lead to a crisis, with sufficient lead time to allow policymakers to prepare for 

possible action, either to avert or mitigate the impending event, or to prepare for the clean-up 

following the event. Most of the development of early warning models sprang from the 1994 

Mexican crisis and the 1997 Asian Financial crisis. As such, most of the early models 

focused on currency crises and used a multivariate probit or logit. One of the early and 

relatively successful models was a probit model developed by Frankel and Rose (1996). They 

found that low currency reserves, an overvalued exchange rate and strong domestic credit 

growth coinciding with a recession increased the probability of a currency crash (p. 362), but 

more importantly they considered their model to be an “encouraging starting point for future 

research” (p.365). A multivariate logit model was subsequently developed by Demirg ̈c-Kunt 

and Detragiache (2005). The binary logit and probit models estimate the probability of a 

crisis by maximising the likelihood function of a regression using a binary dependent 

variable, Yit, and a range of explanatory variables (p. 7). Yit is a “crisis” dummy variable for 

country i, at time t, and it takes on the value of “1” to call a crisis when a pre-defined 

probability threshold is breached. It follows that the timing and definition of the crisis is 

crucial for the calibration and the performance of this type of model and this is discussed in 

chapter four.   Research since the development of these models has generally focused on 

finding the most significant leading indicators as variables (p. 9), and these have narrowed 

down to variants of credit and asset based indicators, but also include macroeconomic 

indicators such as GDP, inflation and exchange rates. The most difficult aspect of the logit or 

probit model has been the out of sample performance. That is, the models work well in 

calling crises for the time periods used in its calibration, but are very poor at identifying 

crises for time periods outside of the original sample’s time range. The most recent logit 

model developed by Barrell, Davis, Karim and Liadze (2010) has had significant out of 

sample success because it focuses on predicting a banking crisis using OECD countries only, 

rather than the more typical global sample, and the authors also had the benefit of the prior 

research which had identified a manageable set of significant indicators allowing them to 

potentially avoid omitted variable bias (p. 3). Their model was finalised to include just four 
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variables: unweighted capital adequacy, bank liquidity, real house price change and current 

account deficit to GDP. I decided to test this model with Australian data because of its out-of-

sample success and because the two non-banking variables they included were identified by 

Reinhart and Rogoff as significant in the lead up to a financial crisis. More detail on this 

model and the results are provided in chapter four. 

An alternative to the probit or logit model approach was developed by Kaminsky and 

Reinhart (1996). This “signal” model identified threshold values for each variable to signal a 

crisis, rather than a probability threshold for the dependent Yit variable in a regression. A 

signal, S = 1, (zero otherwise) is issued when an indicator breaches its threshold. To be 

considered “good” it should issue a signal within a pre-defined time, usually within the 24 

months before the crisis (p. 30). Any signal outside this time is a false alarm. Again, the 

timing of the crisis is crucial to this approach, and this is discussed in chapter four. The 

measure of the “fragility of the economy” (p. 37) before the crisis was made by tallying each 

of the indicators (out of 16) that were issuing a signal in each time period. This aspect was 

further refined by Kaminsky, Lizondo and Reinhart (1997, pp. 18-20) into the “noise to 

signal” ratio concept, which has since become the standard method for evaluating the success 

of these models. It basically calculates the ratio of the fraction of type II errors (false 

positives) to type 1 errors (missed calls). The authors use the noise to signal method to assess 

both the effectiveness of a single indicator, and a combined set of indicators. Borio and Lowe 

(2002) adapted this model to examine the role played by credit and asset prices in the lead up 

to a financial crisis. Because they wanted to capture the cumulative build up in these 

variables, rather than just the year on year change, they developed the concept of the “gap” 

indicator. The “gap” is calculated as the percentage deviation of the indicator from its ten 

year trend, which is constructed using a rolling Hodrick-Prescott filter. The reasoning behind 

this measure is that in a boom credit and asset prices can build up gradually over time, as in 

Australia prior to 2007, or they can jump up sharply in a short period, as in Australia prior to 

1989. The gap indicator captures both processes. The two gap indicators they constructed 

were the credit to GDP gap and an equity price gap. Borio and Lowe also emphasised the role 

played by indicators in combination (p.12). Accordingly they only considered a signal to be 

issued when the threshold for all of the indicators was breached, and not when an individual 

threshold was breached. Borio and Lowe’s model has become the base model for the EWE. 

Borio and Drehmann (2009) subsequently included the property gap indicator in the model 

and it is this version of the model that I have tested with Australian data in chapter four.
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Chapter Three: The Institutional Setting 

Financial Stability in Australia 

Financial stability in Australia is part of the mandate of the Reserve Bank of Australia (RBA) 

and this is conveyed under Section 10B(3) of the Reserve Bank Act 1959. The RBA fulfils 

this mandate by maintaining price stability, by ensuring the payments system is robust, and 

by assessing and monitoring risks in the economy and publishing its assessment in the twice 

yearly Financial Stability Review. The RBA considers the management of financial stability 

as a “forward-looking task” (RBA, 2012). This approach to financial stability is compatible 

with the aim of the early warning exercise. The Australian Prudential Regulatory Authority 

(APRA) supervises the deposit-taking institutions (banks and non-bank financial institutions).  

International Financial Stability 

International financial stability is now recognised as a global public good. One of the most 

troubling aspects of the GFC was the failure by international bodies to recognise that global 

vulnerabilities had built up to a level that threatened the global financial system. When the 

crisis materialised the responses of policymakers underestimated the magnitude of the 

system’s weakness. It was not until the global financial system had almost completely 

collapsed in October 2008 that effective and co-ordinated action was taken. Until the 

bankruptcy of Lehmann Brothers, global authorities did not fully understand the risks posed 

by the large and interconnected financial institutions that dominated world banking, and 

indeed the world economy. In effect the crisis revealed the absence in standard 

macroeconomic theory of the possibility of a financial crisis and a realistic assumption about 

money, and this left policymakers without a guidebook. This is at the heart of why so many 

economists and policymakers failed to see the GFC coming. In this light it is no surprise that 

the G-20 has called on international bodies such as the IMF, the FSB and the BCBS to 

develop a macroprudential framework that will identify the build up of systemic risk in the 

future, and provide the tools to counteract it. There are many parts to this project and the 

responsibilities and the efforts of the main international bodies are briefly described below. 

BCBS (Basel Committee on Banking Supervision) 

The BCBS prudentially regulates banks with international operations, and more broadly, 

makes recommendations through its “Core Principles for Effective Banking Supervision” to 
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improve banking supervision worldwide (RBA, 2012). The BCBS formulates the capital 

adequacy framework for banks. Its most important response to the GFC in this regard is the 

Basel III framework. Basel III will be phased in from 1
st
 January 2015 to the 1

st
 January 

2019. Its main requirement is that the minimum ratio of high quality capital to total capital be 

increased to 8%. Basel III also includes three initiatives to address procyclicality between the 

financial economy and the real economy. The first is the introduction of a maximum bank 

leverage ratio. The second is a capital conservation buffer of 2.5% which is to be added in an 

upswing, and the third is a countercyclical capital buffer which is to be activated when credit 

growth exceeds its long term trend. The countercyclical buffer is a new and controversial step 

in bank regulation which has been influenced by the work on the Early Warning Exercise 

(EWE), the joint initiative of the FSB, the IMF and the BIS, and is part of the development of 

the global macroprudential framework (IMF, 2010). The activation of the countercyclical 

buffer will be based on the credit to GDP gap indicator. If the gap indicator signals that credit 

conditions pose a risk to financial stability then each jurisdiction will assess whether to 

implement an additional capital buffer, of between 0 and 2.5%, to provide an extra margin of 

safety. The RBA envisages that the countercyclical buffer would only used in Australia for 

“conditions of unusually high risk taking by credit providers” and stresses that the decision 

about whether to apply the buffer will not be made based on one indicator, but will be 

supported by a range of other indicators (RBA, 2011). The credit to GDP gap is the main 

indicator in the Signal model, which is tested with Australian data in part (iv) of chapter four 

of this thesis. It is found to be a useful and reliable measure of systemic risk for Australia. 

The importance for financial stability of the other two procyclical measures in Basel III, the 

restriction on bank leverage and the increased capital adequacy from the capital conservation 

buffer, are demonstrated in the event study section in part (ii), and capital adequacy is also 

tested in the Logit model in part (iii).  

Finally the BCBS is contributing to the early warning exercise through the RTF-TC 

(Research Task Force Transmission Channel project) taskforce, which is researching business 

cycle and financial cycle interactions (BCBS, 2012). It is very important for this gap in 

standard macroeconomic theory to be closed because of the effect that credit fuelled asset 

prices have on bank capital calculations, capital adequacy ratios and on risk-weighting. 
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The IMF (International Monetary Fund) 

The IMF’s objective is to promote a stable international monetary system by monitoring 

global economic trends and providing advice and finance to members in difficulty (IMF, 

2012). Prior to the GFC the IMF had developed the Financial Soundness Indicators (FSI’s) in 

response to the Mexican and Asian financial crises of the 1990’s and members were 

encouraged to use them as a monitoring tool for financial stability. The core set of 15 FSI’s 

comprises capital adequacy, asset quality, liquidity, leverage and profitability ratios (IMF, 

2006). The failure of these indicators to alert policymakers before the GFC has been subject 

to surprisingly little research. One clue comes from the IMF survey of central banks’ existing 

macroprudential framework (IMF, 2011a), which shows that many central banks did not 

routinely monitor the FSI’s for financial stability purpose before the GFC. Other research by 

the IMF found that the FSI’s do not capture all risks. For instance, the four indicators in the 

capital adequacy set are measured with common equity capital at current market valuation 

and with assets based on current market valuation and risk-weightings. That these valuations 

are procyclical is borne out by the fact that the US Investment banks requiring the highest 

level of policy intervention ex-post the GFC, had reported the highest levels of capital 

adequacy ex-ante. The bank leverage FSI’s were found to be informative about the intervened 

banks prior to the GFC. However, the liquidity and asset quality FSI’s did not distinguish 

between the intervened and the non-intervened banks. One of the most successful FSI’s was 

the ROA (return on assets) ratio. This was higher for the intervened banks prior to the GFC, 

reflecting the higher levels of debt employed to boost profits (IMF, 2009, pp. 5-7). To sum 

up, most FSI’s were not particularly informative prior to the GFC, apart from leverage and 

ROA, and of the FSI’s monitored by the central banks for financial stability purpose prior to 

the GFC, leverage and ROA were among the least monitored. These findings on the relative 

failure of the FSI’s demonstrate the importance of developing a new and effective approach 

to the monitoring of financial stability, and this is the aim of the new global macroprudential 

framework. 

Macroprudential Policy and the FSB-IMF-BIS Early Warning Exercise 

The Macroprudential framework will address the two dimensions of global financial stability. 

The first is the “time dimension” which is the evolution of system-wide risk over time, and 

the second is the “cross-sectional dimension,” which is the concentration or distribution of 

risk across the system at a given point in time (FSB-IMF-BIS, 2011).  The focus of the cross 
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sectional dimension is the identification of global systemically important banks and this is not 

covered in this thesis. It is the work on the time dimension which is the motivation for this 

thesis, and specifically the EWE (Early Warning Exercise). The EWE does not aim to predict 

the timing of a crisis, which is “a fool’s errand” (IMF-FSB, 2010, p.8), but to identify, 

monitor and assess systemic risk over time. Part of the EWE is to develop a set of indicators, 

an early warning model, which will raise a “flag” (p. 10) to policymakers, with sufficient lead 

time to allow them to take action. Two of the most prominent models from the early warning 

research are tested in this thesis to assess their usefulness for Australia, and to see if they shed 

light on the question of interest, that is, “Was Australia lucky to avoid the GFC?”
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Chapter Four: The Empirical Work 

The empirical work is divided into four parts. 

Part (i) describes the data set and the construction of the indicators and the timing of the crisis 

or “event” dates. These dates are used in the three empirical sections described below. 

Part (ii) is the event study, which is a graphical technique comparing the performance of an 

individual indicator in the three to four years prior to the event dates. I have chosen to use 

this technique because it is commonly used in “crisis” research and it is an appropriate 

method for analysing and comparing the indicators identified by Reinhart and Rogoff as 

prominent in financial crises. If these indicators, that is, credit to GDP ratio, current account 

to GDP ratio, GDP and real house price change, are rising strongly in the years prior to the 

1989 financial crisis in Australia then this will provide some validation that Reinhart and 

Rogoff’s research is valid for Australia. After examining these indicators I then add-in the 

two banking indicators in the Logit early warning model. These are unweighted capital 

adequacy and narrow liquidity. In this way all four variables in the Logit model are included 

in the event study, providing an informative first look at the changes in these indicators in the 

period before the event dates. Finally I include two indicators, financial account to GDP ratio 

and bank leverage, which are logical extensions of the above. These may provide further 

insight into the similarity or difference between the events, and may also prove to be useful 

inclusions in further refinements of the early warning model. 

 In part (iii), I run Australian data through the binary Logit model developed by Barrell, 

Davis, Karim and Liadze (2010), and present the results. The indicators are then analysed 

individually for their contribution to the calculation of the crisis probability. Finally, a 

sensitivity analysis is conducted to test the model’s robustness with Australian data. I find the 

model has good potential for Australia and I make some suggestions for improvement for use 

in the Australian context. 

In part (iv), I test the Signal model with Australian data. I describe the construction of the 

indicators and then present the results. I then test the robustness of the model using the 

“Noise to Signal” approach. I find that this model would make an informative and useful tool 

for the conduct of the RBA’s macroprudential policy. 
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Part (i): The Data and Methodology 

Data 

The thesis uses quarterly time series data which is sourced from the RBA or APRA. The 

period covered is from September 1984 to June 2012. There are no significant issues with the 

data and there are no gaps. It would have been interesting to go back as far as 1980, but data 

for all of the indicators was not available before September 1984. 

The Indicators  

The indicators were constructed in the same way for all of the empirical work to maintain 

consistency and the same data was used for each part. Credit to GDP was constructed from 

total credit extended by banks and non-bank financial institutions (RBA, sheet D2) divided 

by real GDP (RBA, sheet G10). Current account deficit to GDP was constructed from current 

account balance (RBA, sheet H1) divided by real GDP (sheet G10). Financial account to 

GDP was constructed from financial account balance (RBA, sheet H2) divided by real GDP. 

The index of real house price change was sourced from Dr N. Stapledon, UNSW. This index 

represents the aggregate value of residential house prices across Australia. Clearly there is 

substantial variation across states and capital cities, but for the purpose of this thesis this 

index is suitable. The bigger issue with the house price data is that it isn’t an aggregate 

property index that includes commercial property prices. Unfortunately commercial property 

price data is not publically available and it is expensive. Bank leverage was constructed from 

total credit (sheet D2) divided by domestic deposits: bank liabilities (RBA, sheet B3). 

Unweighted capital adequacy was constructed according to the FSI Compilation Guide (IMF, 

2006), but risk weighted assets were replaced with unweighted assets. The formula is total 

bank assets (RBA, sheet B2) minus total bank liabilities (RBA, sheet B3) divided by total 

bank assets. Narrow Liquidity was constructed from APRA data; prime assets from 

Australian Banking Statistics (Table 12) was used for the period Sep 1984 to June 2002 , then 

cash and highly liquid assets from Monthly Banking Statistics for the period June 2002 to 

June 2012, both available from  (http://www.apra.gov.au/adi/Publications/Pages/monthly-

banking-statistics.aspx). All of the RBA data is available from 

(http://www.rba.gov.au/statistics/index.html). 

The Timing of the Crisis 

The timing of the crisis is crucial for all three parts of the empirical work. The Logit model, 

in particular, requires accurate and consistent crisis dates because it is calibrated using only 

20 crises from 14 OECD countries out of 406 observations during the 1980 to 2008 period. 

http://www.apra.gov.au/adi/Publications/Pages/monthly-banking-statistics.aspx
http://www.apra.gov.au/adi/Publications/Pages/monthly-banking-statistics.aspx
http://www.rba.gov.au/statistics/index.html
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This means that only 20 observations are assigned a “1” (crisis) and 386 are “0”. Barrell, 

Davis, Karim and Liadze (2010, p8) timed the crises firstly by using the World Bank 

database of banking crises (2003), and then timed the crises from 2003 – 2008 by using the 

definition that “the government had to inject capital in more than one large bank and/or one 

large bank failed.” Although I did not calibrate this model I still need to define accurate crisis 

dates for Australia so that I can assess the model’s effectiveness in providing a clear and 

timely warning of rising risk. I decided to use the World Bank database of banking crises 

(2003) as a starting point. It assigns one banking crisis to Australia in 1989, with duration to 

1992. Because I am using quarterly data I chose December 1989 as the event date. This 

quarter represents the peak in GDP prior to the slowdown that results in the 1991 recession, 

and this is in line with the RBA’s method for timing slowdowns. Using this definition the 

event associated with the GFC is timed at December 2007.  I decided that it would be useful 

to identify a third event that represented a “mild slowdown” in GDP but did not turn into a 

crisis. This event is timed at December 1998. The timing of these events is shown in figure 1.  

 

Figure 1: The timing of the events.  

 

 

Figure 1 shows the relative magnitude of the slowdowns following the GDP peak 

representing the event dates of December 1989, 1998 and 2007. Throughout the empirical 

-2.0

0.0

2.0

4.0

6.0

-2.0

0.0

2.0

4.0

6.0

1985 1988 1991 1994 1997 2000 2003 2006 2009

%

Year

GDP
Percentage Change

Source: RBA

Dec 89 Dec 98 Dec 07
%



28 
 

section I will refer to these three dates as “events” and not “crises” because only the 1989 

period meets the definition of a crisis according to the definitions above. 

Part (ii): The Event Study 

The event dates are set to time t = 0. The level of the indicator at this time is set to 100, and 

the levels in the three or four years prior to this event are indexed against 100. This gives a 

visual representation of the percentage change in the indicator in the lead up to the events and 

it provides an easy comparison between events which have occurred many years apart. The 

figures below illustrate the concept. 

Credit to GDP 

Figure 2 shows the growth in credit to GDP in the lead up to the three events.  

Figure 2: Credit to GDP Ratio 

 

 

Figure 2 shows that credit to GDP growth prior to the 1989 and 2007 events was steeper than 

prior to 1998. Credit growth averaged 21% per year in the three years prior to 1989 and GDP 

averaged 4.4%. This means that credit was growing at 4.7 times GDP growth.  With 
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hindsight this was clearly not sustainable. In contrast, the average per year growth in credit in 

the three years prior to 1998 was only half of the 1989 rate (11% per year) against a very 

similar GDP of 4.3% on average. Credit prior to 1998 was growing 2.6 times as fast as GDP. 

For 2007 credit growth averaged 14% per year and GDP growth averaged 3.7%. Credit was 

growing at 3.8 times GDP prior to 2007 and by the event date of December 2007 credit 

growth had accelerated to 17% or 4.6 times GDP, almost exactly the same rate of credit 

growth as just prior to the 1989 event. This is in marked contrast to 1998. Another large 

difference between the three events occurs afterward. From December 1989 the rate of credit 

growth was positive but became progressively smaller in every quarter until December 1991, 

shown on the graph, and then it became negative for 4 straight quarters until December 1992. 

This coincided with a contraction in GDP for the four quarters from March 1991 until March 

1992. In contrast, after December 2007, although credit growth progressively declined, it 

remained positive until it reached 1.3% year on year in December 2009, and then recovered 

to the current average of 3.7% year on year. This stabilisation of credit growth in December 

2009 (shown above) is possibly one reason why Australia did not go into a recession. There 

was only one quarter of negative GDP, in December 2008, when it reached -0.63%. The 1998 

event shows that credit to GDP growth continued uninterrupted, despite there being a 

slowdown in GDP from 5.3% to 1.18% by December 2000. The performance in the credit to 

GDP indicator after the 1998 event is in marked contrast to its performance after December 

2007, and it demonstrates how high the potential was for the 2007 event to turn into a 

recession. In summary, this event study confirms Reinhart and Rogoff’s finding that credit to 

GDP growth is very strong in the years before a financial crisis and it demonstrates that 2007 

was very similar to 1989 in this respect. The event study also demonstrates how important it 

is that credit growth does not contract during a slowdown. 

Current account to GDP Ratio 

Figure 3 shows the current account to GDP ratio from September 1984 to the present. It 

shows the large increase in the current account deficit in the 2000’s. This is the subject of 

much debate and it is the reason why Glenn Stevens (2012) addressed the current account to 

GDP ratio in his recent speech. In this speech he confirmed that the large current account 

deficit was substantially due to the sourcing of foreign funds by the Australian banks, but 

made the comment that this source of funding had recently been replaced by domestic 

sources with little disruption. 
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Figure 3: Current account to GDP ratio. 

 

Figure 3 shows the volatility in obtaining overseas funding post the GFC. Should Australia be 

worried about the performance of the current account to GDP indicator shown above? The 

early warning literature shows that a large current account deficit which is associated with a 

large capital inflow has a strong association with financial instability (see Merrouche and 

Nier (2010) and Shin (2011), for example). Reinhart and Reinhart (2008, pp. 5-23) have 

narrowed this association to the times when the deficit becomes a capital inflow “bonanza.” 

They use an algorithm that flags a bonanza (p. 11) as the 20
th

 percentile of the absolute 

annual change in the current account to GDP ratio. Figure 3 shows the bonanzas identified by 

the algorithm for Australia, which occur in 1986, 1989, 2004/2005, and 2007 (p. 15). All of 

the event dates, which are peaks in GDP, coincide with widening current account deficits, but 

it is only the 1989 and 2007 events that are associated with a bonanza. The algorithm did not 

flag the current account deficit in 1998 as a bonanza because the deterioration was not sharp 

enough. Figure 4 shows the event study for the current account to GDP ratio 
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Figure 4: The event study of the Current Account to GDP Ratio 

 

The 1998 event is not included in this event study because the volatility in the data obscures 

the performance in the ratio around the 1989 and 2007 events which are our main interest. 

Figure 4 shows the sharp increase in the current account to GDP ratio in the run up to the 

1989 and 2007 events, which Reinhart and Reinhart identify as a bonanza. The bonanzas in 

1986 and 2004 are also shown. Following both event peaks is a sharp decline in the current 

account deficit which corresponds to a flight of foreign capital out of Australia. The 

corresponding change in the financial account to GDP ratio is shown in figure 5 below. 

Financial Account to GDP ratio 

The definition of the bonanza assumes that the current account deficit comprises largely 

capital inflows. Australia exports natural resources and services and imports manufactures 

and this means the deterioration in the current account shown above may not necessarily be 

due to capital inflows, although Glenn Stevens confirmed in his speech that this was largely 

the case. Reinhart and Reinhart say they chose the current deficit to GDP ratio for their 

statistical analysis because it is more consistently measured across countries than the 

financial account counterpart. However, the financial account to GDP ratio is easily 

calculated from the data on the RBA website and it is shown below in figure 5. 
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Figure 5: Financial account to GDP Ratio. 

 

 Despite the volatility in the data, figure 5 shows the distinctive “V” shape pattern associated 

with the inflow bonanza (Reinhart and Reinhart, 2008, p.5) which occurs around the 1989 

and 2007 events and during the other bonanza periods of March 1986 and December 2004. 

The 1986 bonanza preceded the 1987 stockmarket crash and while the 2004/5 bonanza is not 

associated with a known “event,” the logit model in part (ii) indicates that this was the 

beginning of an extended period of heightened vulnerability to a crisis. In summary the 

concept of a “bonanza” is a very informative measure of financial vulnerability.  

Real House Price Change 

The historical association of asset busts and financial crises is long and well known. Rising 

property prices and rising credit availability are tightly linked as demonstrated by Borio and 

Lowe’s (2002) finding that credit growth and asset price growth go hand in hand. Similarly, 

Reinhart and Reinhart (2008, p. 50) found that a “marked rise in inflation adjusted” asset 

prices and large current account deficits go hand in hand in the lead up to a financial crisis. 

The increase in both credit to GDP and the current account to GDP in the lead up to the 1989 

and 2007 events in Australia have been shown above. Our interest now is whether property 

price increases accompanied them and this is shown in figure 6. 
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Figure 6: Real House Price Change 

 

Figure 6 shows the change in real house prices in the lead up to the 1989, 1998 and 2007 

events. In the two years from September 1987 to September 1989 real house price growth 

averaged 18%. The cumulative real change in house prices during this two year boom was 

31%. The cumulative change in real house prices from March 1996 to the 1998 event is a 

more sustainable 12.5%; however this is still a substantial increase over inflation and GDP. 

Only part of the more extended period of strong house price growth prior to the 2007 event is 

shown in figure 6 above. One disadvantage of the event study technique is that it does not 

capture long cumulative increases. During 2002/3 house prices rose on average 14% year on 

year, then prices remained flat until December 2005 (shown above) until finally rising an 

average of 5-6% year on year up to the 2007 peak. The cumulative change in house prices 

from 2001 to December 2007 was 60%, and this is the largest extended period of house price 

appreciation since 1984. In fact the combination of house price appreciation, current account 

deficit and strong credit growth around the 2007 event is striking. For the years preceding 

1989 the strong growth in credit (and the associated capital inflow bonanza in 1986) largely 

fuelled equity prices and then commercial property prices, but figure 6 also shows that there 

was some flow-on to house prices. When the equity bubble burst in October 1987 the 

subsequent rush into property is clearly shown above. Finally, figure 6 shows the important 
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performance differences in the real house price change indicator after each of the events. 

After the 1998 event the growth rate of house prices continues. The 1989 event shows the 

decline in house prices which accompanied the bust in commercial property. This decline 

lasted until September 1995 and the total value lost in house prices was 11%.  The sharp 

initial decline in the index after the 2007 event is striking. This could have developed into a 

serious downturn and it underlines the high vulnerability in the housing market when 

household debt-to-income ratios are historically high. The succession of interest rate cuts by 

the RBA in 2008 provided relief in debt servicing costs. In addition the Labor government’s 

fiscal stimulus package in March 2009 included a generous first home buyer’s scheme. The 

response of the housing market to these policy measures is shown above. House prices rose 

an average 12% year on year. House prices have been flat since 2010. 

The house price rises in the 2002 to 2009 period, and in the two year period before 1989, 

were well above their multi-year trend levels and it is not surprising they provoke much 

debate. This debate has typically centred on house price rises in isolation, but the research 

shows that it is when house price rises occur in combination with strong rises in credit and/or 

current account deficits that the possibility of a financial event is high. That this combination 

occurred in both 1989 and 2007 points strongly toward the possibility that Australia may well 

have been more lucky to avoid the GFC than is generally acknowledged. And yet Glenn 

Stevens (2012) dismissed the debate about the current account deficit and elevated house 

prices as the views of sceptics. One reason he may have done this is because Australia did not 

have a house price bust in 2007, although the event study shows how vulnerable the housing 

market was.  Another reason Glenn Stevens dismissed the debate may be that the property 

bust in 1989 was centred on commercial property, not residential property, and it was these 

losses that caused the bank failures. Ellis, Kulish and Wallace (2012, p.3) find the distinction 

between residential housing and commercial property booms to be important. They find that 

commercial property booms are more likely to result in a period of financial instability than 

residential house price booms because of the higher proportion of interest only loans 

associated with them. This means that when a boom ends, the holders of commercial property 

quickly fall into negative equity. In contrast, residential homeowners build up home equity 

because of the structure of the principal and interest mortgage loan which is more commonly 

used for dwellings in Australia. I think the fact that the financial crises of the past were 

almost always associated with commercial property busts is an important point. I also think 

that the responsiveness of house prices to the stimulus package in 2009 would not have 
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occurred with commercial property prices because of the different nature of commercial 

property and residential property outlined by Ellis, Kulish and Wallace. However I think the 

fragility in the housing market shown after the GFC is a concern, especially in light of the 

fact that currently residential housing loans comprise 56% of banks’ assets, compared with 

commercial property loans of 10% (Jang and Sheridan, 2012).  

GDP 

Reinhart and Rogoff’s research finds that GDP begins to slow on average one to two years 

before the crisis materialises and this often leads to a “crisis of confidence” (p. 1) and a 

change in investors’ expectations about future profits. These expectations create a change in 

investor behaviour which reinforces the slowdown in GDP. Figure 7 shows the performance 

of GDP around the three events. 

Figure 7: Change in GDP 

 

Because the events were defined as the GDP peak just prior to a slowdown figure 7 shows 

GDP peaking at time t = 0. However the slowdown following the peak is notable for both the 

1989 and 2007 events. The slowdown following the 1998 event is much less pronounced. The 

Lehman Brothers bankruptcy is marked to show that GDP growth had started to slow 

significantly in the three quarters before the GFC materialised. The onset of the recession in 
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June 1991 is also marked above. This is contrasted by the rebound in GDP from September 

2009 following the fiscal stimulus. No such stimulus was provided following the 1989 event. 

The event study highlights the importance of fiscal policy in maintaining GDP after a 

negative shock. In addition the Chinese stimulus package introduced in late 2008 would have 

contributed to this rebound in Australia’s GDP. 

The macroeconomic indicators identified by Reinhart and Rogoff as significant in the lead up 

to a financial crisis have been examined for the 1989, 1998 and 2007 events. We have found 

that credit to GDP and house prices were rising strongly before the 1989 and 2007 events and 

were well above their multi-year trends. These indicators rose much less strongly prior to the 

1998 event. Also the deterioration in the current account included a capital inflow bonanza 

prior to 1989 and 2007 and not 1998. The 2007 event was much more like the 1989 event 

than the 1998 event for these indicators. However, there are two differences between the 

1989 and 2007 events. One is that commercial property price rises were more prominent in 

1989 than house prices, and the second is that GDP after the 2007 event was boosted by a 

fiscal stimulus, and not in 1989. We turn now to examine the banking sector in the lead up to 

the three events.  

Banking Sector Indicators 

Barrell, Davis, Karim and Liadze (2010, p. 5) regard the banking sector indicators as 

important defences against financial instability. The indicators included in their model are 

unweighted capital adequacy and narrow liquidity.  

Unweighted Capital Adequacy 

Capital adequacy is important because it links the financial economy to the real economy 

through the financial accelerator. That is, the assets which provide the collateral for business 

and household loans will in turn become financial assets on the banks balance sheets 

(Claessens, Kose and Terrones, 2011, p. 22), and a subsequent increase in the value of these 

assets provides collateral for more loans. There are many ways to measure capital adequacy, 

for example, one measure is Tier 1 (regulatory capital) to total risk-weighted assets and 

another measure is common equity to total assets. Unfortunately all measures of capital 

adequacy are calculated with the assessments of value and risk prevailing at the time, and the 

GFC was characterised by the mispricing of risk. Barrell et al. chose to use the unweighted 

capital adequacy measure because the data was more readily available from the OECD 
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database of banks’ balance sheets for the countries in their sample (p. 5). However the IMF 

(2006, p. 30) cautions that “capital adequacy ratios are often not directly comparable among 

countries” because of country specific methods of valuing assets and risk-weighting. This 

may explain why the capital adequacy indicator in the Logit model in part (iii) is sensitive to 

small parameter changes. For these reasons I discuss only the trend in unweighted capital 

adequacy in the event study below and not the actual numerical level. Figure 8 shows 

unweighted capital adequacy.  

Figure 8: Unweighted Capital Adequacy 

 

Figure 8 shows that the capital position of the banks according to this measure of capital 

adequacy was deteriorating prior to the 1989 and 2007 events. The decline in unweighted 

capital adequacy from 2004 to 2007 was almost 3%, which is very large and the scale of the 

decline is apparent above. In the period prior to 1989 the capital adequacy level was generally 

rising until 1988, and then it declined by 2% over the next 18 months. In contrast the banks’ 

capital adequacy was stable to rising in the period prior to the 1998 slowdown. In summary, 

there was a significant decline in capital adequacy in the lead up to both of the 1989 and 2007 

events, with the 2007 event showing the biggest decline and therefore the highest 
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vulnerability to a fall in asset values. This is an interesting observation considering it was the 

1989 event that was associated with significant bank failures. 

Narrow Liquidity 

 Narrow Liquidity is the second banking indicator in the logit model. Barrell et al. 

constructed this indicator from the ratio of the sum of banks’ claims on high quality 

government securities, cash and deposits with the central bank to total assets. The indicator 

cannot be meaningfully constructed this way for Australian banks because the long term 

fiscal balance of the Australian Government means that very few Australian government 

securities are issued. This is an unusual position compared with US and European banks who 

generally hold 5-10% of liquid assets.  I have constructed the indicator from the ratio of the 

most liquid of the banks reported assets, which is cash and highly liquid securities of less 

than 90 days duration, to total assets, using data obtained from APRA. This was previously 

known as the prime assets ratio. This was the only liquid assets data available and I believe it 

is suitable for the narrow liquidity indicator.  

Figure 9 (below) shows narrow liquidity in the years prior to the three events, and the 

persistence of the decline afterward. From the peak of 11.5% in Sep 1988, liquidity fell to 

6.1% by June 1990. Liquidity fell from 7.2% to 4.1% prior to December 1998. In September 

2007 liquidity peaked at 4.2% and then fell to a low of 2.7% by Sep 2009. 
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Figure 9: Narrow Liquidity  

 

The declining trend in the holdings of highly liquid assets in Australian banks is in line with 

the trend worldwide (Barrell, Davis, Karim and Liadze, 2010, p. 9), although liquidity is 

higher for European and US banks because they hold higher levels of sovereign bonds. 

Notwithstanding, the current holdings of liquid assets by Australian banks is very low even 

by Australian standards. 

Bank Leverage 

One banking indicator that was important for the GFC was bank leverage, which for the US 

Investment banks in particular increased sharply in 2004 following the relaxation of the rules 

on leverage by the SEC. There are many ways to measure bank leverage. I have used the ratio 

of total credit extended to domestic bank deposits. Figure 10 (below) shows bank leverage. It 

can be seen that bank leverage increased markedly in the years prior to the 1989 and 2007 

events, peaking at 177% in Sep 2006 and 205% in September 1988. This compares with the 

typical level of 160% throughout the 1984 to 2007 period. 
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Figure 10: Bank Leverage  

 

It is perhaps no surprise that the 1989 event resulted in bank failures. Bank leverage reduced 

rapidly following the 1989 and 2007 events, reflecting in part the reduction in credit to GDP 

shown in figure 2. Bank leverage increased after the 1998 event until it peaked at 185% in 

Mar 2001. This peak corresponded with the slowdown in GDP in 2001. The bank leverage 

indicator was not evaluated in Barrell et al’s empirical study but it may be a better measure of 

bank vulnerability than unweighted capital adequacy because it is not subject to the latter’s 

measurement variations. I was not able to include bank leverage in Barrell et al.’s model 

because it had been calibrated with unweighted capital adequacy, but if a logit model was to 

be developed for Australia I would recommend bank leverage be included as a variable. Bank 

leverage has progressively reduced since 2007 and in 2012 it is currently 125%, which 

interestingly, is the lowest level since 1984. This reflects the increase in bank deposits in the 

years following the GFC, the consequent reduced reliance by banks on overseas funding and 

the current moderate growth in credit to GDP.  

In summary the event study shows the differences in the health of the banking sector going in 

to each of the three slowdowns. It shows that unweighted capital adequacy was rising prior to 

the 1998 event, but falling sharply prior to the 1989 and 2007 events. Liquidity was declining 
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prior to all three events, but liquidity was lowest prior to 2007. Bank leverage was 

significantly higher in 1989 than either the 1998 and 2007 events, and is perhaps the clearest 

indication that the banks were overextended in the late 1980’s. The lower level of bank 

leverage in the former two events is most likely due to better prudential regulation following 

the banking failures in 1989. 

This event study is the first of three methods employed by this thesis to shed light on whether 

Australia was lucky to avoid the GFC, or fundamentally different. I find that the 1989 and 

2007 events were more similar to each other than the 1998 event. The 1989 event ended with 

a banking crisis and was followed by a recession. The 2007 event in some respects showed 

greater vulnerability than the 1989 event in that cumulative house price increases were 

greater, the current account deficit and capital inflows were greater and the banking sector 

had significantly lower liquidity and unweighted capital adequacy. In addition credit growth 

in excess of GDP growth was similarly strong. However there were some differences. One is 

that commercial property was a more important factor in the bank failures following 1989, 

whereas commercial property did not play a role in the 2007 event. There was less bank 

leverage in 2007 than 1989, and bank leverage played a significant role in overseas banks 

during the GFC. Finally the 2007 event had a rebound in GDP following the Labor 

government’s fiscal stimulus and this may well have prevented the fall into recession that 

occurred following the 1989 event.  

While the event study gives valuable insights into the rising risks associated with the changes 

in individual variables, the early warning models provide more information about the risks 

posed by the combined changes in two or more indicators. I believe this is the real value of 

these models and this is demonstrated in parts (iii) and (iv) below.  

Part (iii): The Multivariate Logit probability model 

In this section I present the results using Australian data with the logit model developed by 

Barrell, Davis, Karim and Liadze (2010). The model is calibrated using data from 14 OECD 

countries, but not including Australia. The period covered by the dataset is 1980 – 2008 and 

there were 20 financial crises within this time. The dependant variable, Yit, is a banking crisis 

dummy which takes on the value of “1” in the first year of the crisis. The crisis is timed in the 

first instance by using the World Bank database of banking crises (2003), and then extending 

to 2008 by using the definition that “the government had to inject capital in more than one 
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large bank and/or one large bank failed” (Barrell, Davis, Karim and Liadze, 2010, p8). The 

probability that Yit equals 1, where i is the individual country at time t, is given by the 

following equation: 

Prob (Yit = 1) = F(βXit) = 
      

          

Source: Barrell, Davis, Karim and Liadze, 2010, p. 7. 

The distribution, F(βXit),  is logistic and “β is the vector of unknown coefficients” (p. 7). The 

X variables are: unweighted capital adequacy, narrow liquidity, house price change and 

current account to GDP ratio.  These variables remained from an initial group of X variables 

that also included real GDP growth, inflation, M2 to foreign exchange reserves, the real 

interest rate, fiscal balance to GDP ratio and real credit growth. After progressively removing 

the least significant variables Barrell et al. finalised the model with the four above because 

they were the most significant. The dataset was restricted to OECD countries because the 

model is intended to predict a banking crisis and this is the most common type of financial 

crisis in the advanced economies. Barrell et al. tested the model for its sensitivity to the 

countries in the initial sample by repeatedly dropping one or two countries (p. 13), and re-

estimating. In all cases the coefficients did not noticeably change, and they remained 

significant at the 5% level. The variables were lagged because of the time needed for them to 

work their way through the economy. Different lags were tried for each variable and the most 

significant lags were found to be one year (or four quarters if using quarterly time series data) 

for both of the banking sector indicators, two years (eight quarters) for the current account 

deficit to GDP and three years (12 quarters) for real house prices. Finally, all of the crises 

relating to the GFC were eliminated as a robustness check. The model and the parameters 

remained stable (pp. 10-12). The authors claim the final model can be used to predict any 

crisis in any country. I test this claim with Australian data to see if the model picks up the 

1989 event, and also if the model provides some insight about the likelihood of a crisis in 

Australia in 2007 and 1998. The probability of a crisis in Australia, at time t, using quarterly 

data, is then given by the following equation: 
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PCrisisAUS(t)   =  

Source: Barrell, Davis, Karim and Liadze (2010, p.16). 

 

The parameter values on the four explanatory variables in the equation above are the values 

obtained after the model was calibrated by the authors with the sample of 14 OECD 

countries, the dataset from 1980 to 2008 and using the crisis timing described above. The 

explanatory variables are as follows: 

Lev   = unweighted capital adequacy [(assets – liabilities)/assets], lagged 4 quarters. 

Nliq = cash and liquid assets < 90 days duration, lagged 4 quarters. 

Rphg = real house price change, lagged 12 quarters. 

Cbr   = current account balance to GDP ratio, lagged 8 quarters.  

The threshold for Y to become “1” was chosen to be the sample mean. That is 20/364 or a 

probability of 0.055. This threshold is too high for Australia, as shown below, and would 

result in too many false calls. However, for the OECD countries in the sample, this threshold 

produces 15 correct calls out of 20. The calls that were missed were not surprising – for 

example the Barings crisis in the UK in 1995 was missed, but it was an isolated, and not 

systemic, banking crisis. Germany in 2008 was missed, but it did not have a housing bubble. 

The false call rate for the model was 28%, but this would be improved with a higher 

threshold for a “1”. Included in the false calls was Spain; however events since 2010 would 

no longer regard this as a false call. Importantly, the model picks up the US subprime crisis, 

the 2001 US recession and the Savings and Loan crisis. Overall this model is the most 

successful one of the multinomial logit type to date, with a good out of sample call rate.  The 

Australian results are shown in Figure 11 below. 

1

1 + 𝑒−(−0.34𝑙𝑒𝑣 𝑡−4 −0.11𝑛𝑙𝑖𝑞  𝑡−4 + 0.08𝑟𝑝ℎ𝑔 𝑡−12 − 0.24𝑐𝑏𝑟  𝑡−8 )
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Figure 11: Probability of a Banking Crisis in Australia 

 

Figure 11 shows the increased vulnerability of Australia in the years before the 1987 

stockmarket crash, the 1991 recession and in the years prior to the 2007 event. The peaks 

occur in September 1987 at 11.5% probability of a crisis, in September 1991 at 18.7%, in 

March 2007 at 29.5% and in December 2009 at 24.3%. The probability of a crisis in 

December 1998 is 3.1%. How does the model manage to distinguish between the non-event 

of 1998, which was a only a normal business cycle slowdown, with three periods of 

potentially severe financial instability – that is, the 1987 stockmarket crash, the 1989 banking 

crisis and the period leading up to the GFC? I think there are two reasons. One is that the 

model captures the cumulative build up of an indicator over a long period that the event study 

does not. Second, the model captures the interactions between all of the variables. Despite the 

fact that this model has some limitations as I discuss below, I believe its potential justifies 

further development to make this model more suited to Australian characteristics. 

The predicted probabilities for the eight quarters before the 1992 and 2007 peaks above are 

shown in column two in Table 1 below. That the model more successfully predicts the 2007 

event is not surprising because this was a time of significant house price appreciation, and 

real house price change is one of the four variables. In comparison, house prices were rising 
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strongly in 1988/9 but the crisis was brought about by a collapse in commercial property 

prices. If these had been included with the house price variable the peak may have been 

higher and perhaps shifted to the left, because commercial property prices had risen strongly 

throughout the 1980’s. It is impressive that the model picks up the peak in the sharemarket in 

1987 because equity prices are not included as a variable. Another positive is that the peaks 

clearly exceed the noise near the baseline and this makes the choice of a suitable threshold, 

above which vulnerabilities would be unacceptably high, fairly clear cut. The main negative 

is the delay or near-coincidence of the peaks in the 1980’s, possibly because the model relies 

too heavily on house prices rather than an aggregate of asset prices, and possibly the lags are 

not optimal for periods of very sharp property price rises such as in 1989. The peak in 1991 is 

picking up house price rises from 1988 because of the three year lag. As a consequence the 

warning is not given soon enough to give policymakers time to act. Similarly the peak in 

2007 shown above is picking up the sharp increase in house prices from 2004, and the 2009 

peak is picking up house price changes from 2006. The heightened vulnerability shown in 

December 2009 implies that the first home buyers’ stimulus was implemented at a time of 

high risk! But it is more likely that the lag on house prices is too long. This is one aspect of 

the model that could be improved for Australia. Including commercial property prices as a 

separate variable would be another improvement. 

Contribution of individual indicators 

 The contribution of each variable to the crisis probability can be separately calculated. The 

following equation is used to calculate the incremental change, per quarter, for each variable 

and how the change contributes to the change in the probability of the crisis. For example, to 

analyse the incremental change in the contribution of leverage, the following formula is used: 

PCrisisAust (t)   -   PCrisisAust, Lev, (t-1)   =  

 

 

Source: Barrell, Davis, Karim and Liadze (2010, p.16). 

1

1 + 𝑒−(−0.34𝑙𝑒𝑣 𝑡−4 −0.11𝑛𝑙𝑖𝑞  𝑡−4 + 0.08𝑟𝑝ℎ𝑔 𝑡−12 − 0.24𝑐𝑏𝑟  𝑡−8 )
 

1
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Table 1 demonstrates how each indicator drives the crisis probability quarter by quarter. 

Table 1: Incremental Contribution to Crisis Probability prior to March 1992 

Date Probability of a 

        Crisis 

 Unweighted 

   Capital 

Adequacy 

     (Lev) 

Narrow 

Liquidity 

 (NLiq) 

Real House 

      Price 

    Change 

    (Rphg) 

  Current 

Account to 

    GDP 

    (Cbr) 

Mar-90 0.015  0.003 0.0005 0.001 -0.0004 

Jun-90 0.019  0.004 0.0024 -0.004 0.0018 

Sep-90 0.021  -0.003 -0.0002 0.003 0.0005 

Dec-90 0.027  -0.006 -0.0006 0.008 0.0036 

Mar-91 0.042  0.000 0.0038 0.009 0.0037 

Jun-91 0.094  0.015 0.0187 0.027 0.0060 

Sep-91 0.187  0.015 0.0050 0.073 0.0107 

Dec-91 0.185  -0.018 -0.0067 0.022 0.0000 

Mar-92 0.187  0.004 0.0000 -0.001 0.0000 

Cumulative 0.172  0.011 0.023 0.137 0.026 

 

Column 2 lists the probability of a crisis for each quarter. From March 1990 the probability 

of a crisis increased from 1.5% to 18.7% by March 1992. This is a cumulative increase of 

17.2%. The last four columns show the contribution made by each variable to this increased 

probability, in each quarter. The figure at the bottom of each of these four variable columns is 

the cumulative contribution for each indicator, calculated by adding the seven quarters below 

the top row. For example, the main driver of the 17.2% increase in the probability of a crisis 

from March 1990 to March 1992 was the real house price change which contributed 

approximately 13.7 of the 17.2 percentage points.  The cumulative totals do not exactly add 

up to the cumulative change in the probability of a crisis (column two) because the equation 

is non-linear. Barrell et al. added an adjustment column to the table to make the total in 

column 2 to balance with the other columns (p. 16). The adjustment term accounts for the 

interaction between the variables which is a feature of a non linear model. I have not done 

this because I wanted to keep the table as readable as possible. The sign on the incremental 

change is informative. For instance if the sign on the lev (capital adequacy) variable is 

negative, it means the probability of a crisis is reduced with better capitalisation. If the sign is 

positive, for instance on Rphg (real house price growth), then the probability of a crisis is 

increasing when real house prices are increasing. Table 1 confirms that real house prices 
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contributed the most to the vulnerabilities in the 1989 – 1992 crisis with a cumulative change 

of 13.7%, followed by lower and relatively equal contributions from the remaining three 

variables. Table 2 shows the contributions made by the four variables in the eight quarters 

prior to the peak in the predicted probability of a crisis in March 2007.  

Table 2: Incremental Contribution to Crisis Probability prior to March 2007 

Date Probability of a 

        Crisis 

 Unweighted 

   Capital 

Adequacy 

     (Lev) 

Narrow 

Liquidity 

 (NLiq) 

Real House 

      Price 

    Change 

    (Rphg) 

  Current 

Account to 

    GDP 

    (Cbr) 

Mar-05 0.071  0.008 -0.0007 0.007 0.002 

Jun-05 0.112  0.010 -0.0011 0.021 0.016 

Sep-05 0.146  0.052 0.0080 -0.029 -0.006 

Dec-05 0.133  -0.024 0.0038 0.009 -0.003 

Mar-06 0.110  -0.005 -0.0011 -0.022 0.005 

Jun-06 0.133  0.016 -0.0013 0.009 0.000 

Sep-06 0.179  0.005 -0.0033 0.018 0.029 

Dec-06 0.261  0.022 0.0125 0.037 0.018 

Mar-07 0.297  0.053 -0.0140 0.010 -0.015 

Cumulative 0.226  0.129 .0035 0.053 0.046 

 

Table 2 shows that the probability of a crisis had increased by 22.6% in the eight quarters 

prior to March 2007. The largest contribution to this increased probability was from 

unweighted capital adequacy and this was also demonstrated by the event study which 

showed the sharp decrease in this indicator prior to the GFC. The next largest contribution is 

from house prices and then the current account to GDP ratio. 

  

Sensitivity Analysis 

The model is now tested for its sensitivity to Australian data. To do this, each parameter is 

reduced by 10%, only one at a time, and then the predicted probability of a crisis is examined 

for any subsequent changes. Table 3 below summarises the results. The parameters are listed 

in column one. Column two shows what happens to the predicted probability of a crisis when 

the parameter is reduced by 10%. Ideally there should be very little change, or the change 

should be less than the 10% change in the parameter. 
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Table 3: Sensitivity of the Logit model  

Parameter 

reduced by 10% 

Average quarterly change in 

probability for the period 

Dec 1988 – Mar 1992 

Average quarterly change in 

probability for the period 

Mar 2005 – Mar 2007 

Lev Average increase 30% Average increase 25% 

NLiq Average increase 12% before peak 

Average increase 6% near the peak 

Average increase 3.5% 

Rphg No change before peak 

Average decrease 10% near peak 

Average decrease 1% before peak 

Average decrease 7% near peak 

Cbr Average decrease 3.5% before peak 

Average decrease 6.5% near peak 

Average decrease 9% 

 

The most sensitive variable is lev (capital adequacy). A 10% reduction in the parameter on 

lev changes the predicted crisis probability by more than 25%. This means that despite being 

highly significant in the logit regression, capital adequacy is too sensitive to parameter 

changes to be useful for an Australian model. The nliq (narrow liquidity) variable is sensitive 

to the changes in the indicator depending on whether it is close to the event peak, or two or 

more quarters away. If the parameter on nliq is reduced by 10% then the probability of a 

crisis increases by 12% in the quarters further away from the 1989 peak, but only by 6% just 

before the peak. The performance before the 2007 event is less sensitive. The sensitivity of 

the real house price change variable is generally acceptable, especially in light of the fact that 

the performance of house prices prior to be events was very different. Before the 1989 event 

house prices had a short-lived surge, whereas house prices underwent a sustained increase for 

more than five years prior to the 2007 event. Also, the sensitivity of the parameter around 

both events is well below 10%. Finally the cbr (current account deficit to GDP) indicator 

shows variability in sensitivity around the two events but this is less than 10% in both cases. 

For the 2007 event, when the current account deficit contributed more to the predicted crisis 

probability than for the 1989 event, the crisis probability changes almost one for one with the 

change in the parameter. For the 1989 event this change is only about one third to one half as 

large as the change in the parameter. The parameters become more sensitive when the 

underlying data is more variable. 
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Despite the model’s sensitivity to a change in the parameters, especially for capital adequacy, 

it is still useful. Generally some noise is to be expected, and the predicted probability peaks 

are much larger than the average noisy fluctuations. However the capital adequacy variable 

should be replaced with a less sensitive banking soundness indicator. Barrell et al. conducted 

robustness checks but did not state that they had conducted a parameter sensitivity analysis as 

shown above, and I believe they should look at this. As discussed in the event study section, 

because capital adequacy can be measured in so many ways, an alternative and more 

transparent measure of banking soundness should be used, for example bank leverage. Or, as 

suggested by Shin (2011), variables chosen from the liabilities side of the balance sheet 

should be evaluated rather than variables from the assets side. If I had more time I would 

have liked to have included different banking variables but to do so would require 

recalibration of the model using the same OECD data set. It was not a simple matter of 

running a binary logit regression using Australian data – we have not had enough crises! And 

the purpose of the thesis was to analyse the models proposed from the EWE for their 

relevance for Australia and to shed light on why we avoided the GFC, not develop a new 

model. Barrell et al.’s model provides a potentially useful base for an early warning model 

that could be a valuable addition to financial stability monitoring. Its main strength is not so 

much in predicting the timing of a crisis, but in isolating the indicators that are known to be 

significant for a financial crisis, measuring their changes in real time and their contribution, 

in combination with other indicators, to the build up in system-wide vulnerabilities. This 

exercise demonstrates how important it is to monitor combinations of indicators as well as 

individual indicators for financial stability. The above results not only provide confirmation 

of Reinhart and Rogoff’s finding that property prices and current account deficit are 

important indicators for a financial crisis, but they also underline how important capital 

adequacy is for banking stability. This provides support for the increased capital requirements 

being introduced in Basel III and the countercyclical buffer. The one exception that is not 

fully discussed by Barrell et al. (nor Reinhart and Rogoff) is the usefulness of this model for 

countries that maintain a current account surplus. It would have been interesting if the authors 

had mentioned how the model did predicting the Japanese crisis in 1990. Possibly the 

inclusion of the banking variables and the house price variable would have been enough to 

provide a warning, but it would be interesting to see the results of the model for this event. 

Finally the model shows that the vulnerability to a crisis has been decreasing in Australia 

since the last peak in 2009. This is borne out by the decrease in house prices and the 

narrowing of the current account deficit since that time, indicating that there is an adjustment 
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being made to the economy in the wake of the GFC. One could speculate that the fiscal 

stimulus, by maintaining GDP in 2009, has given the economy time to make these 

adjustments.  

 

Part (iv): The early warning Signal Model 

 

In this part I present the results of the signal model developed by Borio and Drehmann 

(2009). The concept behind the model is that an indicator is assigned a threshold value which 

if breached provides a signal, S = 1, that vulnerabilities are building in the economy. If more 

than one indicator is used then S = 1 when the threshold for each is breached. A signal is 

correct if a crisis materialises within a predetermined time, usually two years. The signal is 

“1” for every period the threshold is breached before the crisis materialises. The effectiveness 

of the indicator is determined by the ratio of correct signals to false signals. A false signal 

occurs when S = 1, but no crisis materialises within the predefined time. A false signal also 

occurs when S = 0 and a crisis subsequently occurs (p. 17). 

 

The Model  

The model is as follows:  

One indicator model            S = 1 if (V₁ > θ₁), zero otherwise. 

Two indicator model           S = 1 if (V₁ > θ₁) and if (V₂ > θ₂), zero otherwise. 

 

V₁ = Credit to GDP Gap 

V₂ = Property price Gap 

Source: Borio and Drehmann, 2009, p. 32. 

 

For the one indicator model, the signal is “on” when V1 exceeds its threshold value θ1.  For 

the two indicator model the signal is “on” when both V1 and V2 exceed their respective 

thresholds. V2 is ideally an aggregate of commercial and residential property prices, however 

because the former was not available I have used the real house price change index and this 

needs to be borne in mind when examining the results below. I have used the event study 

dates of Dec 1989 and Dec 2007 to define the “crisis” for which the model should provide a 

signal. These event dates are ideal because they occur at the peak of the GDP cycle and this 

allows policymakers more time to respond. I propose that the minimum appropriate warning 
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(issue of the signal) for Australia would be three quarters prior to these event dates.  Three 

quarters would provide sufficient confirmation that the signal was genuine. I continue to 

count the signal as “good” up to the actual materialisation of the “crises”. For the 1989 event 

this would be June 1991, which is the first quarter of negative GDP, and for the 2007 event I 

call this to be September 2008 which is the quarter that Lehman Brothers filed for 

bankruptcy. 

 

One indicator model: The Credit to GDP Gap. 

Figure 12 shows the credit to GDP ratio from September 1984 to June 2011 and the trend line 

(blue) calculated with a rolling HP filter with 1600 smoothing. The “gaps” are clearly shown. 

Figure 12: The Credit to GDP Gap 

 

 

Figure 12 provides a visual expression of the credit to GDP gap indicator. The credit to GDP 

ratio (in red) is a steeply upward sloping curve. This indicates that credit growth in Australia 

has been increasing faster than GDP growth since 1984, and this has accelerated since the 

year 2000. The “gap” opens out when credit growth exceeds even this exponential trend, 

effectively a “bubble.” The aim of the countercyclical buffer in Basel III is to bring the gap 

back to the trend-line. Of particular interest to the question in this thesis is the appearance of 

the two gaps shown above – one coinciding with the 1989 event and the other with the 2007 
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event. If debt is at the heart of every financial crisis as Reinhart and Rogoff claim (2009, p. 

xxv), then Australia may well have been very lucky in 2007.  

 

Table 4 shows the credit to GDP gap (column 2) for the six quarters leading up to the 1989 

event date. The next step is to define a threshold for the generation of the signal by 

calculating the percentage value of the gap to the trend value in that quarter. Column 3 shows 

the percentage deviation value. A likely threshold could be when there is a positive deviation; 

however an examination of the dataset shows that this gives 24 quarters which are false 

positives. Most of these appear randomly and most are less than 1% wide, in effect this 

constitutes “noise” in the data. The gap threshold needs to be chosen to minimise this noise 

but still correctly call the two events. For instance, Table 4 shows that the gap appears in 

September 1988 at 0.69%. Although it is desirable that we set a threshold low enough to pick 

up this correct signal in September 1988, if a threshold of less than 0.69% is chosen, then 

most of the 24 noisy quarters will be also be picked up, giving too many false positives. 

Table 4 shows the signals generated for a 1.5% threshold. 

 

Table 4: Credit to GDP Gap in the six quarters before the 1989 event. 

Date Credit to GDP Gap 
Percentage 

deviation 

Signal S using 

threshold of 1.5% 

June 1988 -0.0032 -0.82 0 

Sept 1988 0.0028 0.69 0 

Dec 1988 0.0106 2.58 1 

Mar 1989 0.0149 3.54 1 

June 1989 0.0206 4.79 1 

Sept 1989 0.0208 4.73 1 

Dec 1989 0.0205 4.58 1 

 

This is the concept of the “noise to signal” ratio, which captures the trade off between setting 

the threshold too low, thereby increasing the false positives, and setting the threshold too high 

and running the risk of missing a crisis. Table 5 shows the calculation for the noise to signal 

ratio. 
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Table 5: Calculation of the noise to signal ratio 

 Event No event Good signal 

A/ (A + C) 

Bad signal 

B/(B + D) 

Noise to signal ratio: 

column 5/ column 4 

Signal A B    

No signal C D    

Source: Kaminsky, Lizondo and Reinhart (1997). 

 

A “good” signal occurs in every quarter that the threshold is breached, and an event follows 

within the following eight quarters. A “bad” signal is recorded for every quarter that the 

threshold is breached, and no event occurs within eight quarters, or it occurs after the 

materialisation of the crisis. The lower is the noise to signal ratio the better. 

 

Table 6 presents the results of the signal model with a 1.5% threshold for the credit to GDP 

gap for Australia for the period from September 1984 to June 2011.  

 

Table 6: Signals Issued using a 1.5% Credit to GDP Gap 

1.5% Gap 

Threshold 

Event No event Good signal 

A/ (A + C) 

Bad signal 

B/(B + D) 

Noise to signal ratio: 

column 4/ column 3 

Signal 18 6 18/18 6/89 0.068 

No signal 0 83    

 

Table 6 shows that the threshold of 1.5% gives just six false signals in the 107 quarters 

covered by the sample. Two are false positives which occur in September 1984 and 

December 1997 and four are “bad” signals which occur after the crisis materialises in 

December 1991 and December 2008 to Jun 2009. A correct signal is issued in each quarter 

from December 1988 to June 1991 and from June 2007 to September 2008; 18 quarters in 

total. The quarter the signal is first issued meets the desired three quarter pre-warning criteria 

before December 1989, but is issued only two quarters before the December 2007 event date. 

Although this is a bit tight, I conclude that this model provides a clear sign that credit 

conditions have become unusually high and therefore threaten financial stability. We will 

now examine the two indicator model. 
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The Two Indicator Signal Model 

The two indicator model includes the property price gap indicator which is constructed from 

the real house price index. Figure 13 provides a useful visual representation of the property 

price gap. The red line is the real house price index and the blue line is the trend.  

 

Figure 13: The Real House Price Gap 

 

 

Figure 13 demonstrates that the property price gap is a much noisier indicator than the credit 

to GDP gap. However the property price gap indicator is not used on its own, but in 

combination with the credit to GDP gap. The signal is issued when the threshold for both 

indicators is breached. The advantage of including the property gap indicator is that it allows 

the threshold for the credit to GDP gap to be reduced and thereby obtain an earlier signal. 

Accordingly the threshold for the credit to GDP gap was set to half of the threshold used 

above, that is 0.75%, and the 1.5% threshold was used for the property price gap. The results 

appear in Table 7 below. 
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Table 7: Two indicator signal model 

0.75% credit 

gap + 1.5% 

property gap 

Event No event Good signal 

A/ (A + C) 

Bad signal 

B/(B + D) 

Noise to signal ratio: 

column 4/ column 3 

Signal 13 2 13/13 2/94 0.022 

No signal 0 92    

 

Using the two indicator model reduces the noise to signal ratio from 0.068 to 0.022. By 

including the property price gap and lowering the threshold for the credit gap to 0.75%, the 

signal for the December 2007 event is issued one quarter earlier, in March 2007, although the 

lower credit threshold does not produce an earlier signal for the 1989 event. The two false 

signals occur in September and December 1984. The correct calls are the eight quarters from 

December 1988 to September 1990 and the five quarters from March 2007 to March 2008. 

When the credit to GDP gap is used on its own it produces a signal for 11 quarters from 

December 1988 to June 1991 and seven quarters from June 2007 to September 2008, that is, 

the tails are longer with the credit to GDP gap indicator alone, or more noisy. Finally, there 

was no signal issued for any quarter around the 1998 event date. 

 

In summary the signal model is a very useful tool for policymakers. The “gap” indicators 

provide valuable information on the possibility that credit growth or asset price growth is 

unsustainable and that a bubble may be forming. There has been some criticism of Borio and 

Drehmann’s model (see Barrell et al. 2010 for example) because of the high noise to signal 

ratios and the associated difficulties in balancing between the false positives and missed calls. 

However this is because the authors tried to create one model for 18 OECD countries and 

finding the suitable thresholds for such a large and disparate group is difficult. Yet when used 

just for one country, such as Australia, I found the thresholds very clear cut. The main 

shortcoming is that the signal is not given as early as desirable. It is here that there is room 

for improvement. Perhaps the current account to GDP as a “gap” indicator could be added, 

or, as in the logit, perhaps some lagged version of the house price (and commercial property 

price) indicator could be tried so that the movement in these prices can be picked up earlier. 
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  Chapter Five: The Implications of the Results 

The results of this thesis show that Australia was more lucky to avoid the GFC than is 

generally realised. The event study and the two early warning models show that in the period 

leading up to the GFC, Australia had the same unsustainable increases in private debt and 

housing price appreciation, and the capital inflow bonanzas, that had led to the 1989 financial 

crisis. This demand for excess credit had increased the vulnerability in the banking system 

because banks responded by increasing their leverage, and reducing their liquidity and 

unweighted capital adequacy. The most probable reason why Australia did not fall into 

recession was the Federal government’s fiscal stimulus, the associated first home buyers’ 

scheme and the large cuts in interest rates, which, combined with the flow-on from the 

Chinese stimulus, arrested the decline in GDP and prevented a recession. That the economy 

was responsive to these policy measures was probably due to the fact that the asset bubble 

was centred on residential housing and not on commercial property. Holders of residential 

mortgages are more likely to have an equity buffer in their homes, are more likely to have 

variable interest rate mortgages and are more likely to keep up debt repayments than holders 

of commercial property because of their more personal attachment to their homes (Ellis, 

Kulish and Wallace, 2012). 

 

These findings have an implication for Australia’s macroprudential framework and financial 

stability policy. Indicators such as credit to GDP ratio, real house price change, real 

commercial property change, current account and financial account to GDP ratio and the 

credit to GDP gap should be monitored closely and consistently for financial stability 

purpose. More transparent measures of banking soundness, such as bank leverage, measures 

of bank liabilities (Shin, 2011) and a method of accounting for capital adequacy that is less 

prone to procyclical valuation should also be included. In addition to the monitoring of 

individual indicators I believe this thesis has demonstrated the value of monitoring indicators 

in combination. Whether this is within the framework of an early warning model or 

something less structured, I think this thesis demonstrates that the added information 

provided by combinations of indicators is very important. 

 

Should something be done when vulnerabilities are increasing? Borio and Lowe (2002) argue 

that imbalances show up in inflated asset prices during periods of low CPI inflation. They 

suggest the central bank needs to place constraints on booming credit conditions just as they 



57 
 

would place constraints on rising inflation. They consider such monetary policy action as 

providing the anchor for fiat money that was previously provided by the gold standard (p. 1). 

This is in-line with the intention of the countercyclical buffer in Basel III.  I agree with this 

measure. Glenn Stevens (2012) made it clear in his speech that he does not. He believes 

policy action should come after the event. I wonder if Australia would have responded so 

well to the policy action in 2008 if China had fallen into a recession.  

 

Beyond the implications of this thesis for the Australian economy, is the broader implication 

for macroeconomic theory. Because the financial economy was assumed away from 

macroeconomic theory, the majority of economists and policymakers were blind to the 

inexorable build up in global systemic risk which had occurred under the semblance of 

prosperity and growth created by an abundance of easy credit and inflated asset prices. Much 

work needs to be done to fill the financial hole in economic theory and this thesis has 

mentioned Hyman Minsky and his hypothesis of financial instability as a good place to begin.
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Chapter Six: Conclusion 

This thesis set out to answer the question: Was Australia lucky to avoid the 2007 global 

financial crisis, or were we different? I proposed to answer this question by examining the 

wealth of crisis research that has developed in the wake of the GFC, and in particular the 

early warning research. The methodologies I chose to use have been developed over the past 

twenty years, especially since the 1994 Mexican crisis, and have become standard techniques 

in this area. These are: the event study, the multivariate logit model, the signal model, the 

“gap” indicators and the noise to signal ratio. I used each of these methods firstly to ascertain 

whether they picked up the vulnerabilities that led to the 1989 financial crisis in Australia, 

and secondly as a method to compare the 1989 period with the 2007 period for similarities or 

differences in those vulnerabilities. The results of each are summarised below. 

 

I began with the landmark research by Reinhart and Rogoff (2009). They found that the 

financial crises of the last 800 years invariably involved just a handful of indicators: strong 

credit growth, strong asset price growth, deteriorating current account to GDP deficit, a 

decline in GDP and a crisis of confidence. These claims were examined for Australia using 

the event study technique and I found that the behaviour of these indicators in the years prior 

to both the 1989 and the 2007 events was very similar and showed the pattern identified by 

Reinhart and Rogoff as typically leading to a financial crisis. As a further comparison I used 

the slowdown following 1998, which although significant, did not result in a negative quarter 

in GDP. The movement in the indicators around the 1998 event was much more subdued than 

in 1989 and 2007. From the event study I concluded that the 1989 and 2007 events were very 

similar in vulnerability to a crisis. This was then confirmed by the two early warning models. 

 

The logit model provided a graphic demonstration of the heightened risks in the Australian 

economy in the 1989 to 1992 period and the 2005 to 2009 period. The model also provided 

support for Reinhart and Rogoff’s claim that a deteriorating current account deficit to GDP 

ratio in combination with strong asset prices, in this case house prices, is a sign of a build up 

in systemic risk. The logit model also provided confirmation of the importance of the capital 

and liquidity position of the banking system going in to a crisis. 

 

The signal model also confirmed that Australia had similar vulnerabilities in the 2007 period 

to the 1989 period. The credit to GDP gap indicator provided a clear sign that credit to GDP 
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growth had deviated from its long term trend in the lead up to the 1989 and 2007 events. 

When the real house price gap was added to the signal model, the signal became less noisy 

and provided an earlier warning in 2007. This model can be easily calibrated for the 

Australian economy, with suitable thresholds, to provide an unambiguous “sign” that risks 

have become unacceptably high. 

 

In light of this research what answers would I give to the questions posed by Glenn Stevens 

in July 2012? To the question “how much of the recent relatively good performance was due 

to luck?” I would say “much more than should have been.” To, “are there signs of any of the 

things going wrong that people typically worry about?” I would answer “yes, strong credit to 

GDP growth, strong asset price growth and deteriorating current account deficit to GDP, in 

combination, provide signs that we should worry if GDP begins to decline.” And finally to 

the question “if there are, or were to be, such signs, could we do anything about it?” I would 

answer “yes, we can take action before a crisis materialises to strengthen financial stability 

monitoring through the use of the early warning indicators recommended above, both 

individually and in combination, and we can lean against the credit cycle and increase 

banking sector soundness with a countercyclical buffer. We can also take swift action after 

the crisis to maintain GDP with a large and targeted fiscal stimulus, and a large reduction in 

interest rates to assist homeowners in repaying their mortgages, thereby protecting the banks’ 

capital position.” 

 

Finally where does Australia stand in October 2012? The vulnerabilities seen just prior to and 

just after the GFC have reduced somewhat because of a softer housing market and slower 

credit growth. However, with the current signs that China is slowing down, Australia should 

be alert to any sizable decline in GDP. With the current account deficit still high and private 

sector debt still elevated, a slowdown in GDP will see the credit to GDP and current account 

deficit to GDP ratios begin to rise. Should house prices also begin to rise again then 

vulnerabilities will increase. In my view the RBA is currently taking the right action by 

cutting interest rates and encouraging households to build further equity in their homes. 
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