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Impact of Shocks on Australian Coal Mining 

Svetlana Maslyuk and Dinusha Dharmaratna 

1. Introduction  

Australia is ranked as one of the world’s leading mining nations. It is rich in both black and brown 

coal and has approximately 6 and 25 per cent respectively of the world’s total coal reserves. 

According to the Australian Bureau of Statistics (ABS, 2007) total Australian estimated bituminous 

coal resources account to about 39.2 Giga tonnes. Coal mining is the second largest exporting 

industry in Australia (ABARES, 2011) and in  terms of international coal exports, Australia ranks sixth 

behind the USA, Russia, China, India and South Africa (ABS, 2010). This chapter focuses on Australian 

black and brown coal mining because of its significant contribution to the Australian and world 

economy. 

 

The purpose of this chapter is to study the impact of shocks on Australian black and brown coal 

mining sector using Chow (1960) and Quand-Andrews (Andrews, 1993; Andrews & Ploberger, 1994) 

tests for structural breaks and unit root tests with structural breaks. Structural change in time series 

data can be loosely defined as sudden changes in government policies (introduction of a new tax), 

man-made or natural disasters (civil war in Libya or Fukushima nuclear disaster) occurring either at 

the national or international scale. In this chapter we consider annual physical volumes of black and 

brown coal production and exports of black coal over the period 1966 to 2009. Unit root in 

production or export values would imply that shocks to coal production or exports will have 

permanent effects. This has important implications for the effectiveness of government policies 

(since mining is one of the top industries generating revenue) and companies, which have to operate 

in the uncertain economic conditions. If coal production has a unit root, according to Smyth and 

Inder (2004), government-initiated structural reform is likely to be of limited value, because the 

impact of such reform on the long-run growth path will be offset by other shocks. If coal output is 

instead trend stationary, this implies that only large shocks such as government policies aimed at 

changing the market fundamentals will have at least semi-permanent effects on the growth path of 

the industry (Li, 2000). 

 

The contribution of this chapter is as follows.  The majority of studies on Australian black and brown 

coal did not allow for the possible existence of structural breaks when testing for the unit root and 

relied on conventional unit root tests such as Augmented Dickey Fuller (ADF) (Dickey & Fuller, 1981) 

and Phillips Perron  (1988) These conventional tests are very sensitive to the choice of lag in the 

model as well as the data frequency. In addition, these tests are typically criticized for their low 
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power in rejecting the alternative hypothesis of stationarity in small samples (Pindyck, 1999). 

Therefore, it is possible that findings of the early research could be misleading because structural 

breaks were not taken into account. Typically the problem of low power of these conventional tests 

can be approached by considering larger samples of data, by allowing for structural breaks or by 

applying panel-data tests. In this chapter, we use 44 years of coal data and allow for structural 

breaks when testing for stationarity.  

 

Foreshadowing the main results, structural breaks are found to be significant for coal series, which 

indicates that proper unit root specification for the coal series should include structural breaks. 

Brown and black coal series were found to be non-stationary variables, while for coal exports unit 

root null hypothesis was rejected in favour of stationary behaviour.   

 

The chapter is structured as follows. Section 2 provides an overview of coal mining industry in 

Australia. Section 3 discusses the shocks which could have impacted the mining industry. Section 4 

provides a brief literature overview. Sections 5 and 6 discuss data and methodology respectively. 

Section 7 provides results and Section 8 concludes the chapter by discussing the policy implications.     

 

2. Coal Mining Industry Overview  

Coal was first discovered in Australia in the New South Wales (NSW) in 1791 and since then 

production of coal has occurred in all states except Northern Territory. Queensland is now the 

largest producer of coal in Australia. Black coal mining is heavily concentrated in the Sydney Basin in 

NSW and the Bowen Basin in Queensland and the majority of brown coal reserves are located in 

Victoria. Together NSW and Queensland produce over 96 per cent of all Australian black coal, while  

Victorian Latrobe Valley mines of Yallourn, Hazelwood and Loy Yang produce about 98 per cent of 

Australia’s brown coal (ABS, 2010).  Table 1 shows Australian 2010 annual coal production by state 

and the type of coal.  

 

Table 1: Australian annual coal production by state and the type of coal 

 Queensland NSW Victoria Tasmania South 
Australia 

Western 
Australia 

Coal type Bituminous, 
sub- 
bituminous 
(Black Coal) 

Bituminous, 
sub- 
bituminous 
(Black Coal) 

Lignite 
(Brown 
Coal) 

Bituminous 
(Black Coal) 

Sub- 
bituminous 
(Black Coal)  

Sub- 
bituminous 
(Black Coal) 

2010 
production 

253.7 Mt 185.7 Mt 68.5 Mt 0.6 Mt 3.8 Mt 6.6 Mt 

 Source: Table obtained from Mudd (2009) 
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Coal is produced from two types of mines: surface (open cut) and underground. Following Mudd 

(2009), approximately 70 per cent of all coal produced in Australia is produced by open cut mining, 

while coal more than 70 meters below is mined using underground methods. In Australia, anthracite, 

bituminous and sub-bituminous types of coal are classified as black coal. Black coal can be defined as 

a solid rock formed from brown coal after greater heat and pressure have been applied (ABS, 2010). 

Raw coal refers to coal produced at the mine site before washing and other methods of beneficiation. 

After washing and beneficiation, coal is then classified as the saleable black coal. Black coal that is 

used mainly for generating electricity in power stations is called as thermal (steaming) coal. 

Metallurgical (coking) coal is black coal that is suitable for making coke which is used in the 

production of pig iron. Metallurgical coal is usually rare and attracts a higher price than thermal coal. 

As compared to black coal, brown coal (lignite) has a lower energy and higher ash and water content. 

Therefore, the Greenhouse Gas emissions related to conversion of brown coal to energy are very 

high. Brown coal is usually unsuitable for export and is used in Australia for electricity generation in 

power stations located in close proximity to the mine (power stations in Victoria).  

 

The black and brown coal mining industry at present contributes 8.4 per cent to the Australian GDP 

and its share in Australian GDP has increased by more than 3 per cent over the past decade (ABS, 

2010). While brown coal is used solely for domestic purposes, black coal is one of the most valued 

Australian export commodities. The share of black coal in Australian exports has been steadily rising 

and in 2009 Australia was the largest coal exporter (23 per cent of total Australian exports) in the 

world supplying 28 per cent of the world total (ABS, 2010). Exports of black coal comprised of 

metallurgical coal and thermal coal and among the other minerals, black coal (metallurgical and 

thermal) was the largest export earner (ABS, 2010).  

 

Overall Australian coal production (for domestic consumption and exports) has been increasing at an 

average annual rate of 3.3 per cent between 2000 and 2008. The domestic consumption of coal 

increased at an annual rate of 1.6 per cent over the same period. About 75 per cent of the Australia’s 

electricity is generated using black and brown coal. In addition to electricity generation, black coal is 

also used in production of coke, which is important for the making of iron and steel, cement and 

food processing. Brown coal is also mined to produce soil conditioners, fertilisers, briquettes for 

industrial and domestic use and low ash and low sulphur char products. 

 

At present, the overall coal industry employs approximately 135,000 people Australia-wide (ABS, 

2010). Employment in the black coal industry peaked in 1986 and declined until 1997 due to closures 
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of underground mines in the Australian state of NSW. Currently, black coal employee earnings are 

the highest when compared to average employee earnings in other industries. There are 

approximately 1800 employees who are directly employed in the brown coal industry with around 

1000 contractors. The significant proportion of revenue generation and employment is concentrated 

in Gippsland basin in Victoria. Australian coal industry includes a range of businesses in addition to 

coal mining including significant processing, transport and support services related to the industry. 

Australian coal mines have diverse ownership structures including government, public listed 

companies and private firms. In addition, state governments are given wide control over planning, 

development, extraction and sale of coal resources (Lucarelli, 2011).  

 

2.1 Exports 

The value of Australia’s coal exports over time has risen from $8.4 billion in 1999 to $39.4 billion in 

2009, a rise of over 370 per cent. Both thermal and metallurgical coals have exhibited very strong 

growth over this time period. Thermal coal exports have risen from $3.2 billion to $14.4 billion (350 

per cent), while Metallurgical coal exports rose from $5.1 billion to $24.7 billion (380 per cent) 

(ABARES & Geoscience Australia, 2010). Coal that is being exported is mainly used in the world 

electricity market and world steel market.  

 

Thermal coal volumes have displayed steady growth from 1999 to 2009 (increased by 76.7 per cent). 

Export volumes and price of thermal coal moved quite closely up to 2007. However, over the period 

2008 – 2009, the price tended to grow at a much stronger rate and the price of thermal coal finished 

up nearly 160 per cent higher in 2009 relative to 1999 (ABARES & Geoscience Australia, 2010). The 

price effect on metallurgical coal exports over the period 1999 to 2009 was even more pronounced 

than for thermal coal. It started tracking higher about half way through the period. The price for 

metallurgical coal finished at a point 230 per cent higher than in 1999. The volume of metallurgical 

coal exports was 46.3 per cent higher in 2009 relative to 1999 (ABARES & Geoscience Australia, 

2010). 

 

In 2009 Australia was ranked as the second largest thermal coal exporter and accounted for about 19 

per cent of the world thermal coal trade. Japan, Korea, Taiwan and China were the stand-out buyers 

of Australian thermal coal over the period 1999 to 2009. Australia continued to rank as the number 

one in metallurgical coal trade and accounted to about 64 per cent of total world trade. Japan, India, 

China, Korea and European Union were largest buyers of Australian metallurgical coal.  
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Figure 1 decomposes coal exports into exports of metallurgical coal of high quality (MH), 

metallurgical coal of other quality (MO) and thermal coal (TC). It shows that from 1988 to 2009 

exports of all coal types were increasing with total exports of metallurgical coal (coal of high and 

other quality) being greater than export volumes of thermal coal.   

 

Figure 1: Black coal exports: metallurgical and thermal coal 

 

Note: MH - Metallurgical coal, high quality, MO - Metallurgical coal, other quality, TC – thermal coal 

 

Figures 2 and 3 show changes in the export of Australian black coal based on major export 

destinations. For instance, the shares of Japan in both thermal and metallurgical coal have declined. 

China’s exports have risen from almost zero per cent to 14 per cent in 20 years.   

 

Figure 2: Metallurgical coal exports by country: 1988 versus 2009 
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 Figure 3: Thermal coal exports by country: 1988 versus 2009 

  

3a: Thermal coal exports in 1988 3b: Thermal coal exports in 2009 
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Europe also obtained a larger share of Australian black coal exports. 
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The Australia’s black coal industry completely relied on coking coal in early 1960s. From 1960 to 

1975, black coal industry exports shifted from total reliance on coking coal to a combination of 

coking and steaming coal (Lucarelli, 2011). In 1973, 1975 and 1978 Organization of the Petroleum 

Exporting Countries (OPEC) increased oil price leading to crisis in Asia’s power system. As a result of 

oil price shocks, large Asian economies started to rely on steam coal and uranium as sources of 

power generation, which lead to increase in demand for Australian coal. In fact, during 1980 to 1995 

many coal-fired power plants were built in several Asian countries.  

 

Australian black coal prices were low and stable from 1960 to 1973, which was supported by the 

stable American dollar to Australian dollar exchange rate. From 1972 to 1974, significant 

depreciation of American dollar against the Australian dollar made Australian black coal exports 

more expensive. However, this did not have a much impact on the export levels because of large 

increase in crude oil prices, which were a significant factor in driving the expansion of Australian 

black coal exports.  

 

Although the labour productivity improved over the period, on several occasions there were strikes 

over wages. This is because although nominal wages have increased steadily, real wages continued 

to increase from 1960 to 1975 and then started decreasing due to higher inflation. In addition, there 

were major improvements of coal handling ports in NSW and Queensland accompanied by the 

construction of extensive interstate rail networks to transport coal from inland mines to coastal 

ports. Within the states, the railway tracks were built to transport coal to specific power stations 

(Lucarelli, 2011).  

 

Similar to black coal, brown coal industry showed a clear progression during this period. The 

construction of the aluminium smelter near Geelong in the 1960s led to the major development of 

the Anglesea brown coal mine and the power station complex to provide electricity. In 1970s a few 

more new power plants came into operation after completing the construction work, which  led to a 

further expansion in the Victorian brown coal industry (Vines, 2008). The production of brown coal in 

Victoria has increased over the long-run with minor fluctuations in the production in the short run.  

 

3.2 1987 to 2003 

During 1987 to 1996, Australian black coal producers experienced a 16 per cent drop in the average 

real price of black coal exports (Lucarelli, 2011). In 1997, the Australian black coal industry struggled 

due to adverse impacts faced by Asia during the Asian Financial Crisis. Inefficient labour practices, 
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less efficient technologies and government imposed fees on users were some critical factors that 

have affected the international competitiveness of the black coal industry (Productivity Commission, 

1998).  

 

A massive decline in the oil prices in 1980s after the oil price shocks and the emergence of Indonesia 

as a major supplier of steam coal have led to a decrease in Australia’s export competitiveness.  

During 1995 to 2003, when Indonesian coal suppliers were primary sellers of coal to power 

companies in North and Southeast Asia, Australian coal producers had hard times of competing with 

their Indonesian counterparts. Despite this, changes in American dollar to Australian dollar exchange 

rate did not have much effect on Australian black coal prices during 1987 to 2003 (except for the 

period during Asian Financial Crisis). During this period, there was successful privatization by the 

Governments of NSW and Queensland of their ports and rail systems (Lucarelli, 2011).  

 

Brown coal industry showed a steady increase in production during this period. In mid and late 1980s 

until mid-1990 Loy Yang open cut mine extended its mining operations and power generation (Vines, 

2008). In addition, the expansion of infrastructure and transport systems in Victoria, especially in the 

locality of brown coal mines have substantially supported the growth of the industry.  

 

3.3 2004 to date  

After 2003, there were two major tendencies developed in the international coal market; first, price 

differential developed to favour coking coal; and second, an increase in volatility of steam coal prices. 

The possible causes of the above tendencies were sudden increase in steam coal imports by China, 

shutting down of nuclear power plants in Japan and energy supply shortfalls in China, Indonesia, 

South Africa and Australia (Lucarelli, 2011). Although Japan remained the largest single export 

customer of Australian black coal, there was significant growth in demand for black coal by Taiwan 

and Korea in 2008 and by China and India in 2009. Both India and China have relied on Australia for 

coking coal. While Chinese imports of coal from Australia were not significant prior to 2009, India 

had been consistently increasing its share of coking coal exports from 2004 to 2009. At the same 

time, India’s steam coal imports from Australia have declining since 2004.  

 

The prices of both steaming and coking coal increased from 2007 to July 2008 but then followed a 

rapid decline due to the Global Financial Crisis and stayed low until a slow recovery in mid-2009. In 

addition to above tendencies, Governments of NSW and Queensland could not keep up with the 

rapid expansion of rail system and this contributed to the increased coal price volatility in the region.  
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In the brown coal industry, there was a fire accident in a briquette factory in 2004 which imposed 

extensive damages and huge restoration costs on the damaged factory. However, there were further 

expansions in brown coal excavation using highly mechanized technologies. Government increased 

their research spending on brown coal industry particularly on Latrobe Valley (Vines, 2008).  

 

4. Literature review  

Literature on Australian coal mining is rapidly growing. Due to importance of mining to Australian 

economy, a vast body of literature tends to focus on the impact of mining on other macroeconomic 

variables, such as Gross Domestic Product (GDP) and employment levels. However, there are only a 

few researches that examine the impact of other variables on mining. For example, Ali and Rahman 

(2012) investigated the impact of Australian coal exports on the Australian dollar to American dollar 

exchange rate. They found that the Australian coal export had a positive relationship with the 

exchange rate of Australian dollar to American dollar and that Australian coal exports contributed 

about 8 per cent to the exchange rate from 1992 to 2009.  

 

Using input-output modelling, experimental workshops, stakeholder analysis and the choice 

modelling survey, Ivanova et al. (2007) examined social and economic impacts associate with 

changes in the life cycle of coal mining operations in the Queensland’s Bowen Basin. They suggested 

positive impact of mining on employment and economic growth on the regional level. In a recent 

report to Minerals Council of Australia,  Davidson and de Silva (2011) investigated the impact of 

phasing out of coal mining in the near future in Australia. Based on the time series analysis, they 

found that due to high integration of coal mining in the Australian economy, the employment 

consequences of the loss in mining jobs was likely to be significant. According to their findings, for 

each job lost in the coal mining industry, 6.5 jobs will be lost in the economy as a whole. 

 

There are not many studies which investigate structural breaks and the impact of various shocks on 

the Australian coal mining. For example, Higgs (1986) modelled the short run effects of exogenous 

shocks (cut in real wages, introduction of protection of mining industries, changes in taxation mix, 

movements in the exchange rate ) on Australian mining sector using computable general equilibrium  

ORANI model. He found that in the mid-1980s all of the shocks analysed were projected to bring 

detrimental impact on Australian mining. Clarke and Waschik (2012) studied the implications of 

Australia’s Carbon pricing policy on the energy-intensive, trade exposed industries of which coal 

mining is the example. Based on the Computable General Equilibrium (CGE) model of the Australian 



10 
 

economy, they argued that the competitiveness of Australian coal mining and energy-intensive, 

trade exposed industries in general will be adversely affected by Carbon pricing policies. Barret et al. 

(2012) studied the short–run impact of Carbon tax on brown coal mining and electricity generation in 

the Victorian Latrobe Valley. They found that introduction of a Carbon tax would lead to a decline in 

regional GDP and a small decline in national GDP, accompanied by a decline in regional employment 

levels. 

 

Barnett (1994) provided a brief overview of Australian coal mining and outlined major actors which 

affected the industry in 1980s. According to him, strikes were one of the important factors affecting 

the industry between 1981 and 1992. During this time, the coal mining industry suffered between 3 

and 16 days lost per employee due to industrial disputes. Using rational expectations model, Harvie 

and Hoa (1994) analysed macroeconomic consequences arising from volatile terms of trade shocks in 

Australia’s mineral resources sector in 1980s. They considered the adjustment process during three 

distinct study periods: sharp decline in terms of trade (1983-1986), sharp improvement in terms of 

trade (1987-1988) and gradual decline in terms of trade (1989-1992), which corresponded to 

sustained increase in GDP in the first two periods and deteriorating GDP in the third period.  

 

Swan et al. (1998) studied structural changes in price–quality relationships in the Australia–Japan 

coking coal trade using the Quandt’s exogenous regime switching model. They found that the 

structure of price–quality relationships for the Australia–Japan coking coal trade changed 

fundamentally for semi-soft coking coal with the merging of the soft coking coal category into the 

semisoft coking coal category after the 1994 Japan financial year and for hard coking coal with the 

subsequent adoption of the fair treatment system in 1996 Japan financial year. 

 

 In relation to stationarity testing, there is no consensus in the literature of whether coal production, 

consumption or exports series are stationary. As suggested by Yang (2000) and Sari et al., (2008) this 

is because different countries or even industries depend differently on a particular energy source 

such as coal. If early literature applied univariate conventional unit root tests, now the trend is 

towards panel unit root tests. Yoo (2006) applied conventional unit root tests to South Korean coal 

consumption and found that coal consumption in South Korean as a non-stationary variable. Apergis 

and Payne (2010) applied panel unit root tests for coal consumption from 15 emerging market 

economies and found that coal consumption series were non-stationary. The contribution of this 

chapter to the literature is the application of unit root tests with structural breaks, which has not yet 

been done in the literature with respect to the Australian coal data series.   
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5. Data  

In this study we use data from the Australian Bureau of Agriculture and Resource Economics (ABARE) 

on production and export volumes of black coal and production volumes of brown coal. We use the 

above mentioned data for the sample period from 1966 to 2009. Our choice of sample period and 

periodicity reflects the limitations in the availability of time-series data on coal production. 

 

Figure 4 below shows the dynamics in annual black and brown coal production (in million tonnes) in 

Australia. From Figure 4, we can clearly see that in contrast to brown coal, black coal production was 

on a sharp upward trend throughout the sample period with production volumes being consistently 

higher than volumes of brown coal production.  

 

Figure 4: Black and brown coal production: 1966-2009. 

 

Figure 5 illustrates the production volumes of coal (both brown and black coal) by state. As stated 

earlier, the majority of coal is produced in Queensland, followed by NSW and Victoria. In other states, 

volumes of production have traditionally been very low reflecting low deposits. The only state which 

has been producing brown coal is Victoria.   
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Figure 5: Black and brown coal: production levels by state. 

 

Note: NSW-New South Wales, QUE-Queensland, SA-South Australia, TAS-Tasmania, VIC-Victoria, WA-Western 

Australia 

 

Figure 6 shows the dynamics in black coal exports and domestic consumption of black coal (in million 

tonnes) over the period 1966-2009.  Both domestic consumption and export volumes have been 

growing with observable short-run fluctuations.  However, export volumes have overtaken domestic 

consumption in 1983 and the gap between them have been widening throughout the sample period 

being the largest in 2009. 

 

Figure 6: Black coal: domestic consumption and exports: 1966-2009. 
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Table 2 shows descriptive statistics. All data (brown coal domestic consumption, black coal domestic 

consumption, black coal exports) were transformed into natural logs prior to undertaking the 

analysis. The coefficient of standard deviation indicates that natural log of exports has the highest 

volatility, followed by the logged black coal production and brown coal production. Mean of all three 

variables is positive indicating that production has been on a positive level (growth) over the entire 

sample period. The Jarque-Bera (JB) statistics for normality indicate that all variables are normally 

distributed. Log coal series are negatively skewed and show low kurtosis.  

 
Table 2: Descriptive statistics 

 LN_BLACK LN_BROWN LN_EXPORT 

 Mean 4.3386 3.7439 4.3475 

 Median 4.4492 3.8093 4.6039 

 Maximum 5.1886 4.2297 5.6776 

 Minimum 3.3290 3.1298 2.0844 

 Std. Dev. 0.5656 0.3905 0.9687 

 Skewness -0.1658 -0.1778 -0.5544 

 Kurtosis 1.8565 1.5928 2.2511 

 JB 
2.5989 

(0.2727) 
3.8622 

(0.1450) 
3.282 

(0.1938) 

 

6. Methodology  

Glynn et al. (2007) defines structural break as the change in time series due to some unique 

economic event, which may reflect institutional, legislative or technical changes, changes in 

economic policies or large economic shocks. If a series is non-stationary (I(1)) or has a unit root, the 

impact of a structural break will have a permanent impact on the series. There are several 

advantages of using unit root tests with structural breaks over the conventional tests such as ADF or 

Phillips Perron. These conventional unit root tests have very little power when having a near unit 

root process and in small samples. Therefore, if the visual inspection of the series inclines the 

possibility of a structural break, unit root tests that allow for structural breaks should be used instead 

of these above mentioned conventional tests. In addition, unit root tests with structural breaks help 

to identify when the breaks have occurred. The existence of structural breaks has been confirmed for 

the coal data series used in the chapter by the Chow (1960) breakpoint test for exogenously 

determined structural change and the Quandt-Andrews test for unknown breakpoint, the use of unit 

root tests with structural breaks is justified (Andrews, 1993; Andrews & Ploberger, 1994). 

 

Chow test uses F-statistic to test whether the coefficients in two linear regressions are equal (Chow, 

1960). In contrast to Chow test, the Quandt-Andrews test does not assume a priori knowledge of the 
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exact point of the structural break. This point is determined by the Maximum Wald F-statistic. 

Quandt-Andrews test performs a single Chow test at every observation between the two dates and 

computes the corresponding test statistic (Andrews, 1993; Andrews & Ploberger, 1994). Then these 

statistics from individual Chow tests are summarized into one test statistic for a test against the null 

hypothesis of no breakpoints.  

 

Currently literature recognizes two types of unit root tests with structural breaks depending on 

whether the break was endogenously (Lee & Strazicich, 2001; Lumsdaine & Papell, 1997; Zivot & 

Andrews, 1992) or exogenously (Perron, 1989) estimated. Exogenous (is known and pre-tested) 

break tests assume that break point is known to the researcher. However, what researcher might 

suspect to be a break will not necessarily have a power to change the direction of the data. 

Endogenous break tests permit the break to be determined by the data and not to be given from 

outside to the model. These tests are superior to exogenous based tests because they allow the data 

to speak for itself. Although these tests identify the break date, these dates are likely to be imprecise 

because the tests are not as efficient in determining the break date as the break estimators (Allaro, 

et al., 2011). However, both types of tests are sensitive to the number of breaks both under 

alternative and null hypotheses as well the number of lags in the analysis. In the essence, all 

endogenous tests used in this chapter are based on the modified ADF and will be summarised below. 

 

6.1. Zivot and Andrews (ZA) (1992) unit root test with one structural break 

Building on Perron’s (1989) unit root test with one exogenous structural break, Zivot and Andrews 

(1992) proposed a unit root test that allows for one break to be endogenously determined within the 

data series. Several testable models were proposed: Model A, that allows a one-time shift in the 

intercept of the series; and Model C, which is a combination of a one-time shift in the intercept and 

the slope of the trend function. In each of these two models, the null hypothesis is a unit root 

without a structural break and the alternative hypothesis is trend stationarity with a possible one-

time break at some unknown point of time.  

 

Let series ty  be the series to be tested for the unit root properties. A shift in the intercept of the 

series (Model A) can be tested through Equation (1): 
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where Â  is the mean, )ˆ(tDU  is the dummy variable for the break where 1)ˆ( tDU if Tt   

and zero otherwise and ̂  is the estimated location of the break fraction. The break fraction can be 

computed as 
T

Tb , where bT is the time of the break.  

 

Model C, which allows the possibility of a one-time change in the intercept and the trend break, is 

given in equation 1b below: 

 tt

k

J

C
jt

C

t

CC

t

CC

t eycyaDTtDUy ˆˆˆ)ˆ(*ˆˆ)ˆ(ˆˆ
1

1

1  
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Here )(*ˆ  t

CDT  is the break in the trend function and  TDT t 1)ˆ(* if Tt  and zero 

otherwise. As compare to Model A, Model C is less restrictive.  

 

In these models, the location of the break   is chosen so that the one-sided t-statistic for testing the 

hypothesis 1ˆ ia , CBAi ,,  is minimised. The decision rule is to reject the null of a unit root in 

favour of trend stationarity. Zivot and Andrews (1992) reported that this test is not prone to size 

distortions. However, the power of these tests is low when the magnitude of the break in the trend 

function is small or moderate (Zivot & Andrews, 1992). 

 

6.2. Clemente-Montanes-Reyes (CMR) (1998) unit root with two structural breaks 

Second unit root test that we use in the chapter is the Clemente-Montanes-Reyes (CMR) (1998) unit 

root test which allows for two structural shifts in the mean of the series. In the CMR test the null 

hypothesis (Equation 2a) of a unit root with structural break(s) is tested against alternative of 

stationary series with structural breaks (Equation 2b): 

 

                                    (2a) 

                                 (2b) 

 

Where        represents the pulse variable that takes the value 1 if                 and 0 

otherwise,        if               and 0 otherwise.     and     are the time periods when 

the change in the mean has occurred (Clemente, et al., 1998). 

 

Similar to ZA tests, CMR does not require a priori knowledge of the dates of structural breaks, which 

represents an advantage over unit root tests with exogenously determined breaks.  Building on 
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Perron and Vogelsang (1992) and Perron (1997) tests, CMR allows estimating two models, an 

additive outliers (AO) model and an innovational outliers (IO) model depending on whether a change 

in the mean of the series was sudden (AO model) or gradual (IO model). This is the advantage of 

CMR over ZA which uses the innovational outlier model and assumes gradual changes in the series.  

  

Unit root hypothesis in the IO model can be tested by estimating the following model (equation 3) 

and then obtaining the minimum value of the pseudo t-ratio for testing whether the autoregressive 

parameter   is equal to 1 for all break combinations (Clemente, et al., 1998). 

  

                                         ∑        
 
        (3) 

 

Testing for unit root with two breaks in the mean in the AO model requires two-step procedure. First, 

the deterministic part of the model had to be removed by estimating the equation 4a and then carry 

out the test by searching for the minimal t-ratio for the     hypothesis in the following model 

(Clemente, et al., 1998). 

 

                    ̃           (4a) 

 ̃  ∑           
 
    ∑           

 
      ̃    ∑     ̃   

 
        (4b) 

 

 

7. Results and Discussion 

In this section we will discuss the results of our estimations. Table 3 shows results of the Chow test 

for exogenously chosen structural break. These results are in accordance with Swan et al. (1998), 

who also found 1995 as the break date for Australian exports of coking coal to Japan. 

 

Table 3: Chow breakpoint test 

Variable Estimated 
breakpoint 

F-statistic Log likelihood 
ratio 

Wald statistic 

Brown coal 1984 3.0252 
(0.0601) 

6.2014 
(0.0450) 

3.4554 
(0.1777) 

1995 2.6464  
(0.0836) 

5.4722 
(0.0648) 

4.7818 
(0.0915) 

Black coal 1980 3.2249 
(0.0506) 

6.5811 
(0.0372) 

6.4499 
(0.0398) 

Exports 1981 4.5925 
(0.0162) 

9.0939 
(0.0106) 

8.2515 
(0.0162) 

1995 1.1689 
(0.3214) 

2.5032 
(0.2860) 

12.2785 
(0.0022) 
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Results of Quandt-Andrews are shown in Table 4 below. The null hypothesis of no breakpoints could 

not be rejected within the time period considered for all series under the examination. 

 

Table 4: Quandt-Andrews unknown breakpoint test 

Variable Estimated breakpoint Value Probability 

Brown coal Maximum Wald F-
statistic:  1996 

83.4135 0.0000 

Black coal Maximum Wald F-
statistic: 1980 

14.3021 0.0422 

Exports Maximum Wald F-
statistic: 1982 

15.8294 0.0079 

Note: Null hypothesis denotes no breakpoints within 15% trimming (Hansen, 1997) 

 

As seen in Table 3 and 4, break points estimated using the tests above reveal structural breaks exist 

in all series. Quandt-Andrews test suggested a single break in the series compared to Chow test. For 

black coal, both Quandt-Andrews and Chow tests suggest 1980 as the break date. This can be a 

reflection of massive increase in black coal production due to the oil price shocks experienced since 

1978. As a result of these oil price shocks, Asian economies (Japan, Taiwan and Korea) increased 

their demand for Australian coal. During the period 1980 to 1995 many new coal-fired power 

stations were built in these countries and increased the exports of coal. This explains the structural 

break in exports in 1982. According to Chow test, there are two structural breaks in exports in 1981 

(can be explained by the world oil crisis) and 1995. During 1987 to 1991, Australian black coal 

industry was expanding and there were no major competitive threats in the international coal 

market. However, there was increasing competition by Indonesia in the international coal market in 

1995. Australian black coal industry managed to continue expansion due to past investments in 

transportation, infrastructure and mine capacity. This was further enhanced by the government 

subsidies for diesel which kept the cash cost of production of coal very low. However, over the time 

Indonesia captured the thermal coal market and became the largest producer in 2006.  

 

Chow test suggested two structural breaks in brown coal. The first break in brown coal occurred in 

1984 which corresponds to an increase in domestic consumption. Brown coal power stations located 

in Latrobe Valley, Victoria were built in 1970s. These power stations operated in full capacity during 

early and mid-1980s. The second break occurred in 1995 according to the Chow test and 1996 

according to the Quandt-Andrews test. These events could reflect two factors; first is privatization of 

the state electricity commission of Victoria which was held between 1995 and 1999. Privatization 

separated the brown coal industry both vertically and horizontally and introduced more competition 
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at the generation and distribution levels. The second factor is the increase in research and 

development expenditures as well as expenditures on mining licences.  

 

Tables 5 and 6 show results of ZA tests, models A (one-time break in intercept) and C (one time break 

in intercept and trend). Results of the ZA test show that for brown coal and black coal production for 

domestic consumption, the null hypothesis of a unit root cannot be rejected at all with one per cent 

significance level. This means that the impact of shocks on production will be permanent in nature. 

Since coefficient dummies are significant, the tests reveal a one-time break in the intercept. 

However, the break dates are different for brown and black coal.  In terms of exports of black coal, 

the null hypothesis of a unit root has to be rejected in favour of trend-stationary alternative with one 

break in intercept in 1981. 

Table 5: Results of ZA test with one break in intercept 

Variable Estimated 
break 

Dummy coefficient on 
intercept 

Minimum test 
statistic  

Decision 

Brown coal 2002 1.5172***    
(3.793) 

-3.7276 I(1) 

Black coal 1979 1.0673 ***    
(4.120) 

-3.7797 I(1) 

Exports 1981 0.8914***    
(7.655) 

-6.357*** I(0) 

Notes: critical values are 0.01= -5.34, 0.05= -4.8, 0.1= -4.58. *** indicates 1) rejection of the null hypothesis of 
a unit root at 1% level  and 2) that the structural breaks were significant at 1% level. Tests have been 
performed using R12 econometric software. 

 

Table 6 shows that exports are stationary I(0) series at 1 per cent level of significance, since the unit 

root null was rejected in favour of the trend stationary hypothesis with one-time break in the level 

and the trend function. At the same time, unit root null can be rejected for brown and black coal 

production at 5 and 10 per cent respectively. Therefore, we conclude that provided one-time break 

in both intercept and trend function all series were found to be trend-stationary variables with a 

structural break.  
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Table 6: Results of ZA test with one break in intercept and trend 

Variable Estimated 
break 

Dummy 
coefficient on 
intercept 

Dummy 
coefficient on 
trend 

Minimum test 
statistic 

Decision 

Brown coal 1995 2.0986***    
(5.225) 

0.0227***    
(5.136) 

-5.1727** I(0) 

Black coal 1983 2.2339***    
(5.202) 

0.0406***    
(4.600) 

-4.9743* I(0) 

Exports 1983 1.28940*** 
(7.329) 

0.0406*** 
(4.821) 

-6.1942*** I(0) 

Notes: Critical values: 0.01= -5.57, 0.05= -5.08, 0.1= -4.82. *** indicates 1) rejection of the null hypothesis of a 
unit root at 1% level  and 2) that the structural breaks were significant at 1% level. ** and * indicate rejection 
of the null hypothesis of a unit root at 5 and 10 % level. Tests have been performed using R12 econometric 
software 

 

CMR tests show that at 5 per cent significance level the null of a unit root with structural breaks in 

the mean cannot be rejected for brown and black coal. These results are presented in Table 7 and 

hold for both AO and IO models, although the estimated break dates are not identical. For exports, 

IO model suggests that a unit root null cannot be rejected at 5 per cent of significance, which is in 

line with the findings of the ZA test. However, the AO model suggests that exports are non-stationary 

I(1) series meaning that the impact of shocks on exports are likely to have permanent effect.  

 

Table 7: Results of CMR (1998) unit root with double break in the mean  

Variable Additive Outlier (AO) Innovative Outlier (IO)  

 Minimum 
t* 

Optimal 
breakpoints 

Decision Minimum 
t* 

Optimal 
breakpoints 

Decision 

Brown coal -3.560 1981*,  1993* I(1) -3.254 1971,  1984 I(1) 

Black coal -3.128 1982*,  1997* I(1) -3.621 1978,  1995 I(1) 

Exports -3.539 1982*,  1997* I(1) -6.364* 1981,   1995 I(0) 
Note: 5% critical value is -5.490. Optimal break points denote the structural break dates suggested by the CMR 
tests.  * indicates 1) rejection of the null hypothesis of a unit root at 5% level  and 2) that the structural breaks 
were significant at 5% level. Tests have been performed using Stata 11 econometric software 

 

Comparing structural break tests and unit root tests, one can observe that the estimated break dates 

are not identical but very close in time. For an example, for brown and black coal all the tests identify 

late 1970s of early 1980s as breaks reflecting the impacts of  the international oil crisis on coal 

market. In contrast to other tests, only CMR model suggested 1995 and 1997 as break dates for black 

coal. During 1995 and 1997 the growth rate of black coal was high due to increase in energy 

consumption in Australia. Similar structural breaks are estimated for black coal exports. As discussed 

before, these breaks are due to increased competition in the world market, government subsidy 

programs and continuous reaping of the benefits from past investments.  
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The second break in the brown coal according to the CMR model occurred in 1993 (AO model) and 

1984 (IO model). In 1993, Morwell Briquette and power division in Victoria was split from the State 

Electricity Commission of Victoria and this has led to increase in production of Briquettes using 

brown coal. In 1984, there was an increase in brown coal production as a result of international oil 

price shocks.  

 

It should also be noted that coal and crude oil are substitutes in energy consumption. Therefore, 

changes in the price of crude oil due to uncertainty in oil-producing countries, such as oil price 

shocks of late 1970s or the recent Arab Spring events, should have an impact on the demand for 

Australian coal. According to Australian Competition and Consumer Commission (ACCC), Brent 

international crude oil benchmark or the regional crude oil benchmark Tapis are more relevant to 

prices that Australian refiners pay for crude oil than other international crude oil prices (ACCC, 2011). 

Australia has very limited resources of crude oil with most of the domestic crude oil coming from two 

areas: the North West Shelf (Western Australia) and the South East Gippsland Basin (Victoria). The 

majority of crude oil imports are from South-East Asia, in particular Vietnam, Malaysia and Indonesia. 

In addition, approximately a quarter of Australia’s petrol is imported, primarily from Singapore and 

the most appropriate benchmark for the refined petrol that is sold to Australian consumers is the 

price of Singapore Mogas 95 Unleaded (Mogas 95) (ACCC, 2011).  

 

Figure 7 shows annual exports of black coal and annual Brent crude oil price in USD from 1986 to 

2009 with structural breaks highlighted by dashed lines. Some of the breaks (1987, 1997 and 2008) in 

the series appear to coincide as shown in figure 7. However, Chow test did not identify any of these 

break dates as significant. The CMR (additive outlier) model suggested a structural break in 1997 for 

black coal exports which was significant at 5 per cent level. This suggests that Asian Financial crisis 

had a significant impact on coal.  

 

Figure 7: Annual exports of black coal and annual Brent crude oil price 
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Note: Source of Brent data is Thomson Reuters 

 

8. Policy Implications and Conclusions 

Brown and black coals are among the most important commodities in the world. Following BP 

Statistical Review (2012), the share of coal production has been increasing in the world’s energy mix, 

making it the fastest growing form of energy outside the renewables. Changes in coal production are 

likely to have significant implications for the general macroeconomic variables.  

 

The focus of this chapter was on investigating the existence of structural breaks in the Australian coal 

mining and studying stationarity properties of coal production and exports. Based on ZA Model A 

and CMR tests, we have found evidence of black and brown production for domestic purposes being 

non-stationary variables, while black coal exports were found to be stationary mean-reverting 

process with structural breaks. At the same time, ZA Model C which considered a one-time break in 

both trend function and intercept suggested that all coal series were stationary. Additional tests are 

required to study stationarity properties of black and brown coal production (unit root tests allowing 
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multiple structural shifts in data) exports of black coal were found to be stationary by majority of the 

tests that we performed in this chapter. This means that impact of the shocks on export volumes is 

likely to be transitory in nature.  

 

This is particularly important for the new Carbon tax policy introduced in Australia on July 1, 2012. 

Australian Government Climate Change Plan 2011 fixed the value of a tax at AUD 23 per tonne of 

carbon dioxide (CO2 ) emitted in the first year of operation, and adjusts the tax according to the 

targeted inflation level of 2.5 per cent in the next two consecutive years. From July 2015, 

government is planning to introduce a national emissions trading scheme designed based on the cap-

and-trade principle. Given that exports of coal are stationary, introduction of a tax is likely to cause 

temporary decline in exports because the price of Australian export coal will be higher. However, 

since coal is an input with few substitutes, in a medium term, exports are likely to revert back to 

their trajectory.   

 

The issue of whether energy production is stationary has important implications for industrial 

policies and firm level strategies as well as for modelling and forecasting purposes (Apergis & 

Tsoumas, 2012). In particular it is important for formulating energy conservation policies with a long-

term goal of reducing Green House Gas emissions, which require knowing time series properties of a 

particular energy resource. Energy conservation policies would require fewer and more efficient use 

of coal and would put a higher price on coal production. If coal production is stationary, the energy 

conservation policies will be transitory in nature and will not have a permanent impact on the coal 

trend path, which in fact will be observed if coal production is non-stationary I(1) variable. 

 

Another reason why the issue of stationarity is important lies in the degree to which the energy 

sector is connected to other sectors of the economy (Apergis & Tsoumas, 2012). This is because 

permanent shocks to coal industry may be transmitted to other sectors of the economy as well as 

the macroeconomic variables (Lean & Smyth, 2009). For an example, since ZA test finds that brown 

coal production is non-stationary, shocks to brown coal production such as newly introduced Carbon 

tax or Mineral Resource Rent Tax (MRRT) could have a permanent impact not only brown coal 

mining industry but also on electricity generation, prices, and consumption as well as regional and 

national employment and GDP.  MRRT was introduced on July 1, 2012 and a 30 per cent tax is 

payable by coal mining companies whose annual profits are AUD 75 million and above.   
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In relation to structural breaks in the coal data, both Chow and Quandt-Andrews tests and unit root 

tests show that such events as September 11, 2001 or war in Iraq in March 2003 did not affect either 

the domestic production or exports of coal, while oil crisis of late 1970s did. This could be because of 

the duration of the impact. While oil price shocks of late 1970s were of longer duration and hence 

higher uncertainty, much shorter Iraq war did cause temporary increase in oil prices in March 2003, 

but prices returned to around American dollar 25 for a barrel of crude oil in late April. CMR additive 

outlier model suggested 1982 and 1997 as break dates for black coal production and exports. Breaks 

observed in 1997 correspond to Asian Financial crisis. Based on the estimated break dates, we can 

conclude that only large international events have a noticeable impact on Australian coal data. 

Financial crisis, shocks in the international oil market and oil prices are the likely events that affect 

Australian coal export volumes.  

 

There are several areas for future research. For instance, future research should consider panel data 

unit root tests with multiple structural breaks in coal production grouped by the state of origin or by 

the export destination. This will help to formulate appropriate regional policies as well as provide a 

better understanding on export markets for Australian coal.  
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