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Abstract 

The Australian economy has enjoyed several mining booms over the past few 

decades. As an export-orientated economy, Australia has experienced several mining 

booms since the 1960s, including one in the early 1980s and, most notably, the 

unprecedented boom of the 2000s. This latest mining boom began in the early 2000 

when the demand for natural resources such as coal and iron ore soared in response to 

increasing demand in Asia, particularly China. This unprecedented demand has 

contributed to Australia’s robust economic performance over the past decade, especially 

during the Global Financial Crisis. However, the 2000s boom may have also had some 

detrimental effects on other tradable sectors of the Australian economy, such as 

agriculture and manufacturing. Moreover, from a regional (intra-country) perspective, 

the economic benefits and costs of the mining boom are not identically distributed 

across the country. While only certain regions benefited from the growth in minerals 

and resources exports, the cost of the mining boom appear to be much more widespread.   

This thesis explores the distribution of the economic benefits and costs of the recent 

mining booms across Australia in terms of both its regions and its economic sectors. In 

doing so, this thesis makes four unique and substantial contributions to the literature. 

Firstly, this study tests whether both the Australian national economy as a whole and its 

distinct regional economies experienced Export-Led Growth (ELG) during the mining 

boom period. The cross-regional spillover effects of exports on regional economic 

growth are also tested. Results confirm the ELG hypothesis for the Australian economy 

as whole, as well as for the regional economies of New South Wales, Queensland, and 

Western Australia where mining operations are concentrated. Analysis of cross-regional 

spillover effects indicates that international exports from Victoria, Queensland and 
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Western Australia have positive effects on the economic growth of other regions while 

exports from New South Wales, South Australia, Tasmania and Northern Territory have 

a negative effect or the effect is statistically insignificant. 

Secondly, the ELG hypothesis is explored at the sectoral level for Australia and its 

regions. The merchandise exports data are disaggregated into four broad sectors: (i) 

Agriculture, (ii) Mining and Fuels, (iii) Manufacturing, and (iv) Other. Results from this 

analysis reveals that Mining and Fuels exports have played a crucial role in driving 

economic growth in New South Wales, Queensland, and Western Australia and that the 

growth path of each region is unique. 

In terms of the mining boom’s costs, adverse impacts such as wage inflation and real 

exchange rate appreciation can lead to the problem known as “Dutch disease”. Dutch 

disease is a phenomenon observed in many resource-exporting economies which 

involves a decline in the lagging sectors brought about by a booming sector. Therefore, 

thirdly, Dutch disease is analysed to observe whether there is a mining boom induced 

real exchange rate appreciation in Australia and whether the national and regional 

manufacturing sectors suffer a decline as a result. Empirical analysis carried out in this 

thesis indicates that Dutch disease is present in Australia nationally and regionally in 

Victoria, Queensland, South Australia, and Tasmania. 

Lastly, the Dutch disease effects on the agricultural sector are examined at the national 

and regional levels. Results reveal that the agricultural sector is adversely affected by 

the mining booms in Australia nationally and in the four regions, New South Wales, 

Queensland, Western Australia, and South Australia. 
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Overall, the analysis presented in this thesis shows that the Australian economy accrued 

major economic benefits through ELG. The regional analysis shows that these benefits 

are relatively concentrated: only the resource-dominated regions enjoy ELG. However, 

lagging sectors such as agriculture and manufacturing severely suffered from Dutch 

disease brought on by the mining boom. This study finds the losses induced by mining 

booms to be more widespread across Australia than the benefits as five of the seven 

Australian regions considered suffer from Dutch disease. The regional findings suggest 

that Victoria lost the most while Western Australia gained the greatest from mining 

booms. 

The overall finding of this thesis is that the effects of the mining boom on the Australian 

economy have resulted in a multi-speed economy problem which may lead to 

disappearing industry sectors, job losses, and other redistributive impacts on the 

Australian economy. Furthermore, with the mining boom drawing to a close in the mid-

2010s, Australia finds itself in difficult times as mining as well as other tradable sectors 

struggle to generate jobs growth. Unless measures are adopted to mitigate these 

challenges, long-term sustainability of Australia’s economic growth and prosperity may 

face serious obstacles. 
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Chapter 1: Introduction 

 

1.0 Preamble and Motivation 

International trade is considered to be a driver of economic growth as exporting 

countries can access overseas markets while consumers in destination countries have 

more access to goods made cheaper by international competition. In particular, the 

export opportunities in the international market offer entrepreneurs in the exporting 

country greater opportunities (Felipe and Lim, 2005). Exports are considered to be a 

major driving force behind growth in aggregate income. Such a phenomenon is known 

as Export-Led Growth or ELG (Galbraith, 1988). There are several plausible avenues 

through which growth in exports may contribute to growth in the wider, non-export 

sector of the economy. Exports can contribute to an economy’s growth by increasing 

demand for its production (exports) and by improving the economy’s productivity 

through competitive pressures, firm specialisation, exploitation of economies of scale, 

access to advanced technologies, and gains from ‘learning by doing’ (Giles and 

Williams, 2000). 

A potential driver of ELG can be a resource or mining boom, defined as either a 

discovery or an exogenous increase in the international price of natural resources (Sachs 

and Warner, 1999). There have been many resources booms globally, including most 

notably the discovery of the Groningen natural gas field in 1959 by the Netherlands, the 

discovery of commercially viable North Sea oil during the 1960s by Norway and the 

United Kingdom, and soaring oil prices in the 1970s energy crisis that benefitted some 

OPEC member countries (Corden and Neary, 1982; Larminie et al., 1987). The 
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Australian economy has enjoyed several mining booms over the past few decades. After 

a minor boom in the late 1960s, the relatively significant mining boom that occurred in 

the 1980s was later followed by an unprecedented improvement in the 2000s (Connolly 

and Orsmond, 2011). 

In the wake of the 2000s mining boom, the Australian media has been abuzz with the 

prosperity that this boom brought to Australia (Glynn, 2011; "Mining boom reshapes 

nation," 2012). The latest mining boom in Australia began in the early 2000s when the 

demand for natural resources such as coal and iron ore soared in response to increasing 

demand in Asia, especially China and India (Kearns and Lowe, 2011). This is evident in 

the rapid growth of Australia’s real merchandise exports, which increased from some 

A$20 billion in 1961 to A$62 billion in 1981, A$204 billion in 2000, and to A$311 

billion in 2012. During the same timeframe, the Australian Gross Domestic Product 

(GDP) has had relatively high growth rates, compared to other developed countries, at 

2.40%, 3.36%, 3.90%, and 3.61% in 1961, 1981, 2000, and 2012, respectively. The 

value of the Australian GDP rose from A$249 billion in 1961 to A$554 billion in 1981, 

A$1,037 billion in 2000, and A$1,486 billion in 2012 (ABS, 2013a). This points out 

that dramatic improvements in the exports sector coincided with robust economic 

performance of Australia. 

This robust economic performance of the Australian economy, in particular since the 

early 2000s, is commonly attributed to the boom in exports of minerals and resources 

(Garnaut, 2012; Lowe, 2012). However, this resource exports boom has been uneven 

throughout the country due to dissimilar regional resources endowments. Australia, a 

continent and a country, is divided into eight main administrative regions known as 

states and territories. Most of the mining activities are known to be concentrated mostly 
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in two of the eight regions of Australia – Queensland and Western Australia (Marsh, 

2008; Connolly and Orsmond, 2011). 

Yet even if some of these positive effects of exports do exist, they do not necessarily 

guarantee that an export growth will always be associated with growth in the wider 

economy, since there are well-known costs associated with mining booms, such as 

“Dutch disease” (Corden and Neary, 1982; Corden, 1984). Dutch disease is a 

phenomenon first reported by The Economist news magazine in 1977 subsequent to the 

discovery of a large gas field in the Netherlands in 1959 ("The Dutch Disease," 1977). 

Boom in a tradable (usually resources) sector can result in an increase in wages, making 

the non-boom (lagging) tradable sectors (usually manufacturing but can also be 

agriculture, education, or tourism) less competitive in attracting and retaining labour. 

In addition, the boom leads to increased income accruing to the factors of production in 

the booming sector, which in turn culminates in an increased demand for non-tradable 

goods (usually services) and an appreciation of the real exchange rate. This appreciation 

of the real exchange rate shifts labour further from the lagging sector to the non-tradable 

sector as a consequence. Eventually, this can lead to a relative or absolute decline in the 

lagging sector(s). An economy suffering from the Dutch disease is likely to experience 

“multi-speed economy” problems as the booming, lagging, and non-tradable sectors 

move at vastly different speeds (Corden, 2012). 

In Australia, the most recent mining boom has coincided with a sustained appreciation 

of its real exchange rate (Hume, 2012; Downes et al., 2014). The rising real exchange 

rate is blamed for declines in other key tradable sectors of the national and regional 

economies such as agriculture, manufacturing, and tourism (Tra, 2011; "Aussie dollar," 

2012; Brain, 2012; Cumo, 2014). Moreover, the multi-speed economy problems may be 
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exacerbated at the regional level in Australia as mining activities are concentrated in 

only two out of the eight regions. A similar observation is made by Garton (2008): “a 

divergence in output and employment growth between the mining regions and the rest 

of the country in recent years” (p. 17). 

Furthermore, Dutch disease is a cause for concern as there are redistributive effects of a 

decline in the lagging sectors, especially agriculture, manufacturing and tourism, which 

employ more workers than the mining sector (Plumb et al., 2013). Large portions of 

production (value added) in these lagging sectors are also involved in exports and such 

an appreciation in the real exchange rate would render these sectors uncompetitive since 

prices in these sectors are set internationally. Moreover, the negative externalities of the 

mining boom may potentially have a damaging effect on the regions not enjoying any 

benefits of mining booms. The regional concentration of the economic benefits of the 

2000s mining boom (as identified previously) contrasts greatly with the widespread 

harmful effects on Australia’s national and regional economic health. 

This thesis tests whether and to what extent there are any beneficial and damaging 

effects of the early 2000s mining boom on the Australian economy as a whole and at the 

regional level. This chapter is composed of the three following sections: Section 1.1 

elucidates the research objectives and contributions of this thesis, Section 1.2 provides a 

brief overview of the relevant research questions, and Section 1.3, outlines the structure 

of this thesis. 
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1.1 Research Objectives and Contributions 

This thesis will test the possible gains and losses arising from resource exports, 

especially in the wake of the booms that occurred in the early 1980s and 2000s. The 

tests of the gains and losses are expected to make two unique contributions each, 

ultimately amounting to this thesis making quadruple contributions. 

To test the beneficial effects of mining exports, we test the ELG hypothesis in two 

steps. First we use test using aggregate exports data from Australia and from its 

different regions. The ELG literature with regard to Australia includes studies carried 

out using national level data. However, there is no study analysing the ELG hypothesis 

on a regional level in Australia. As such, the regional level ELG analysis carried out in 

this thesis is a unique contribution to the literature. 

The ELG analysis is then extended by disaggregating exports into broad sectors such as 

agriculture, mining and fuels, and manufacturing, and testing their effects on the 

economic growth of Australia and its regions. The most recent study conducted on 

Australia, Cuaresma and Wörz (2005), examines the ELG hypothesis with 

disaggregated national level exports data only. It can be seen that there is a gap in the 

literature with regard to evaluating the regional impact of export sectors on economic 

growth in the literature. Analysis of the ELG hypothesis at a disaggregated level in 

Australian regions is also a unique contribution of this thesis. 

We take a two-step approach in testing the negative externalities of mining, that is, the 

Dutch disease effects as theorised by Corden and Neary (1982). Firstly, Dutch disease is 

tested for using data from the manufacturing sector, and afterwards, Dutch disease 

effect is tested on the agriculture sector. The Dutch disease effects on these two sectors 

are also tested for using regional level data. Studies testing the Dutch disease effects on 
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manufacturing in Australia nationally and regionally are absent in the contemporary 

literature. The Dutch disease effects on Australian national and regional level 

agriculture are also unexplored in the literature. Most of the agricultural economics 

literature includes studies that estimate the demand and supply response functions 

without taking into account the effect of mining booms on Australian agriculture 

(Battese and Corra, 1977; Sanderson et al., 1980; Vincent et al., 1980; Battese and 

Coelli, 1995). Consequently, testing the Dutch disease effects on Australian national 

and regional agriculture and manufacturing is also expected to add to the unique 

contributions to the literature made by this thesis. 

 

1.2 Research Questions 

This thesis sets out to answer four research questions based on gaps identified in the 

literature. These research questions are summarised in the following list. Time-series 

data and analytical techniques are used to answer these research questions. 

a) Is economic growth export-led in Australia and its regions? 

In answering the first research question, we first specify four models, based on theory 

and past literature, to test the ELG hypothesis on Australia nationally. Once we 

complete testing on the national economy, we choose a model that best overcomes the 

data and methodological problems and reveals the most information of the situation. 

This chosen model is then used to analyse the ELG hypothesis for the regions of 

Australia. An approach similar to the national level analysis is used to test the regions 

for ELG. As outlined in Section 1.0, regions like Queensland and Western Australia, 

which dominate Australia’s resources and total exports, have been the main 
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beneficiaries of the mining boom (Garnett, 2012). In addition to testing the ELG 

hypothesis, we look whether a particular region’s economy is affected by international 

exports from other regions, that is, cross-regional export spillover. This cross-regional 

export spillover is tested using a separately specified model. 

A regional-level analysis will help us understand how the growth path of some regions 

may be drastically changed by a resources boom while in other regions it may remain 

virtually unaffected. Additionally, analysing the ELG hypothesis at a regional level in 

Australia helps us understand whether the international market holds growth 

opportunities and which regions are benefitting. The regional economies identified as 

underperforming may be analysed further to identify and promote key areas of possible 

growth. 

b) Which export sector(s) leads growth in Australia and its regions? 

We address the second research question by extending the chosen ELG model, used to 

answer the previous research question, with exports data from four broad sectors – 

Agriculture, Mining and Fuels, Manufacturing, and Other. A disaggregated analysis of 

the ELG hypothesis complements the aggregate level analysis pursued in the previous 

research question. It is important to understand which exports sectors may be growth 

inducing since the aggregate level analysis provides information with regard only to 

whether selling to the international market augments growths. Moreover, the aggregate 

level ELG analysis may overlook performance of particular export sectors. 

Understanding the performance of individual sectors allows us to understand whether 

national and regional economic growth is broad based or otherwise. In addition, testing 

the ELG hypothesis using disaggregated exports data will help us understand the unique 

growth paths of the national economy as well as those of the regional economies, which 
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in turn could persuade policy makers to promote and assist those export sectors that are 

underperforming. 

c) Is there Dutch disease (deindustrialisation) in Australia and in its regions? 

In answering the third research question, we observe whether the Australian national 

economy suffers from real exchange rate appreciation and relative deindustrialisation 

(i.e. decline in manufacturing relative to the services sector) brought about by a mining 

boom. The regional level analysis is composed of estimating annual data relating to the 

second model (deindustrialisation). Real exchange rate appreciation is not analysed at 

the regional level since testing this national level phenomenon at the regional does not 

provide any additional information. 

The main purpose of this research question is to understand whether the Australian 

national and regional level manufacturing sectors suffer from the negative externalities 

of mining booms. Testing for Dutch disease (deindustrialisation) will help us 

understand how the burden of the boom(s) in the mining sector is carried by this lagging 

sector (as identified by Corden (2012)) of the Australian economy. In addition, a 

regional level test of the Dutch disease effects will allow us to understand the way in 

which manufacturing in different Australian regions may or may not be disadvantaged 

by the mining boom. As the manufacturing sector is seen to employ more people than 

the mining sector, any decline in this sector may lead to large scale job-losses 

culminating in adverse macroeconomic and/or political ramifications. Identifying Dutch 

disease in Australia will also help us understand whether Australian national and 

regional economies suffer from a multi-speed economy problem (Corden, 2012). 
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d) Is there a Dutch disease effect of the mining boom on agriculture in 
Australia and its regions? 

This fourth and last research question is addressed by assessing the role of the real 

exchange rate (a mining boom proxy) in affecting real value added in agriculture at the 

national and regional levels in Australia. This research question empirically assesses the 

negative externality effects of mining booms on agriculture. The agricultural sector in 

Australia is a lagging sector because it produces tradeable goods that are competing in 

markets internationally and with overseas imports domestically (Corden, 1984). We 

also explore how this sector is affected at the regional level. As agriculture is a bigger 

employer than the mining sector, any adverse effect on this sector will also have serious 

redistributive and macroeconomic repercussions both nationally and regionally. 

Analysing the Dutch disease effect on agriculture will shed more light on the possible 

multi-speed economy issue in Australia and its regions. 

 

1.3 Structure of the Thesis 

This thesis is structured into nine chapters. The following list briefly outlines each 

chapter: 

Chapter 2 – Background: In this chapter, the ELG hypothesis is introduced and the 

economic backgrounds of Australia and its different regions (states and territories) are 

provided. Trade, exports, and economic performance of Australia are discussed in the 

context of Australia and its different regions. The Dutch disease theory is introduced 

and explained in the context of employment, resource prices, exchange rates, and value 

added in the agriculture and manufacturing sectors of Australia as a whole and its 

various regions. 
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Chapter 3 – Literature Review: This chapter reviews previous empirical literature 

relevant to ELG and the Dutch disease, noting their conclusions. The first part of this 

chapter surveys the ELG literature relevant to developed/high-income economies. The 

second part, reviews the empirical literature pertaining to Dutch disease. The third part 

of the chapter identifies the research gap after reviewing the relevant literature, and then 

formulates the four research questions. These research questions include testing the 

ELG hypothesis in two parts, both at the aggregate and the disaggregate levels of 

exports, and testing for the Dutch disease effects, in two parts, on the agriculture and 

manufacturing sectors in Australia and its regions. The expected outcomes, based on the 

surveyed literature, are then outlined in the context of Australian national and regional 

economies. 

Chapter 4 – Export-Led Growth in Australia: This chapter partly explores the first 

research question, the test of the ELG hypothesis. The Australian national economy is 

tested for ELG using aggregate exports data from 1981 to 2012, a period which 

constitutes the mining booms of the early 1980s and 2000s. Four models are specified 

and identified based on theory and literature. We test two of the models using a time-

series cointegration and Granger causality testing approach and estimate the other two 

models using OLS and test for causality. We choose the best model that is the most 

informative and overcomes econometric and data issues. 

Chapter 5 – Export-Led Growth in the Australian Regions: In this chapter, the 

remainder of the first research question is answered by testing the Australian regional 

economies for ELG. The methodology employed includes the Autoregressive 

Distributed Lag (ARDL) bounds test for cointegration and the Granger causality testing 

in error correction model for the period 1990 to 2012. This period, which constitutes a 
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significant portion of the 2000s mining boom, is chosen as data is only available for this 

period. In addition to testing the ELG hypothesis on each region, we also test for the 

cross-regional effects of international exports. 

Chapter 6 – Export-Led Growth by Export Sector in Australia and its Regions: 

The second research question is addressed in this chapter by testing the ELG hypothesis 

using disaggregated exports data. A time-series cointegration and causality testing 

technique similar to that used in Chapters 4 and 5 is taken to test the ELG hypothesis at 

a disaggregated level from the September quarter (Q3) of 1990 to the June quarter (Q2) 

of 2013. The exports data are disaggregated into four broad sectors: Agriculture, Mining 

and Fuels, Manufacturing, and Other. 

Chapter 7 – Dutch Disease in Australia and its Regions: This chapter answers the 

third research question by testing for Dutch Disease in Australia and its regions. Firstly, 

Australia as a whole is tested for two symptoms of Dutch disease: (i) Real exchange rate 

appreciation and (ii) Relative deindustrialisation. As one of the model variables has a 

structural break, the Arai-Kurozumi cointegration tests are carried out on national level 

data spaning from the December quarter (Q4) of 1984 to the June quarter (Q2) of 2013. 

Data from the regions, available annually for a shorter period, from 1990 to 2013, are 

then tested for relative deindustrialisation only, using Dynamic OLS due to one of the 

model variables being integrated of order 2 (I(2)). 

Chapter 8 – Impact of the Mining Boom on the Australian Agricultural Sector: 

The Dutch disease effect of the mining sector on agriculture in Australia and its regions 

is examined in this chapter. Firstly, Australia as a whole is tested for any adverse effect 

of the real exchange rate on value added in agriculture. As a result of the presence of a 

structural break in some of the variables, the Arai-Kurozumi cointegration tests are 
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carried out on national level data from the December quarter (Q4) of 1984 to the June 

quarter (Q2) of 2013. The regional level data, available for a shorter period starting 

from 1990 to 2013, are then tested for the cointegration using the ARDL bounds test, 

with long-run equations estimated wherever cointegration is present. 

Chapter 9 – Conclusion and Policy Recommendations: Chapter 9 draws conclusion 

from the empirical results obtained in Chapters 4 to 8. Here, the implications of the 

presence of ELG and the Dutch disease effects on agriculture and manufacturing are 

explained in detail. The chapter also provides policy recommendations following the 

findings from our analysis, and explains limitations that our study may have. In 

addition, we suggest possible scope(s) for further research.  
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Chapter 2: Background 

 

2.0 Introduction 

This chapter provides an overview of the potential economic benefits and drawbacks of 

a resources boom for the Australian economy. It is also designed to help in 

understanding the concepts and intuitions behind the dynamics of a resources boom that 

may be beneficial to some sectors of the economy while at the same time be harmful 

towards others. We present the theoretical underpinning of two contrasting theories to 

explain the effects of the resource booms. These competing theories include the Export-

Led Growth (ELG) hypothesis and Dutch disease. Some stylised facts supporting both 

theories are also presented in this chapter. 

Economic globalisation is thought to bring about rapid expansion of trade which has 

long been argued to be an “engine of growth” (Felipe and Lim, 2005). Exports, which 

are an integral part of economic globalisation, have been found to be a key driver of 

economic growth in the post-war1 era not only in developing economies such as China, 

India and Thailand but also in developed countries such as the US, Japan, UK, and 

Germany (Marin, 1992). 

Numerous mining booms have occurred in Australia in the last few decades.  After a 

minor boom in the late 1960s, a relatively significant mining boom during the 1980s 

was followed by an unprecedented boom in the 2000s.  Connolly and Orsmond (2011) 

provide a detailed discussion on Australia’s mining booms. 

                                                 
1 The ‘post-war era’ refers to the period following World War II which ended in 1945. 
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Australia’s robust economic performance, especially since the 2000s, is commonly 

attributed to a boom in the export of minerals and resources driven by soaring 

commodity prices resulting from a rising demand for minerals and resources in Asia, 

particularly China (Kearns and Lowe, 2011; Lowe, 2012). The momentum brought 

about by this mining boom in the Australian economy helped Australia avoid the full 

brunt of the Global Financial Crisis (GFC)2 (Bajada and Trayler, 2010; Waring and 

Lewer, 2013).  

Beyond inducing higher economic growth, a mining boom can also initiate a decline in 

economic activity in the other tradable sectors of the economy. The harmful external 

effects of a resources boom include a rise in wages and the real exchange rate, making 

the non-boom tradeable sectors less competitive. This in turn can culminate in the other 

tradable sectors of the economy, such as agriculture, manufacturing and export-oriented 

services like education and tourism, to face relative or absolute declines. This 

phenomenon has been labelled as “Dutch disease” by the Economist news magazine 

("The Dutch Disease," 1977). 

The impacts of any mining exports boom are generally uneven throughout Australia due 

to the uneven distribution of resources deposits across the country’s states and 

territories (see Table 2.2 below). Little is documented in the empirical literature about 

the regional distribution of the possible benefits and drawbacks of mining booms. As 

the regional resource endowments are skewed, distribution across Australia’s regions of 

a mining boom’s benefits may significantly differ from the distribution of its 

drawbacks. 

                                                 
2 The Global Financial Crisis or GFC, whose origins can be traced to the second half of 2007, is 
considered the worst recession since the Great Depression of the 1930s (Hilsenrath et al., 2008; IHS, 
2009). 
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This chapter is structured in four sections: Section 2.1 discusses the theoretical 

foundations of the ELG hypothesis and the Dutch disease. Section 2.2 introduces trade 

in the context of Australia and its regions and discusses the relationship between exports 

and economic growth in the context of the recent mining booms. Section 2.3 provides 

some stylised facts with regard to Dutch disease in Australia and its regions, particularly 

in the wake of the early 2000s mining boom. Section 2.4 summarises the concluding 

comments of the chapter. 

 

2.1 Competing Theories of (Resource) Exports 

2.1.1 Benefits of (resource) exports: Export-led growth hypothesis 

One of the most pressing questions in contemporary macroeconomics is to understand 

what causes growth. Early growth theories such as the Harrod-Domar growth model 

(Harrod, 1939; Domar, 1946), the Solow (1956) growth model, and the Ramsey-Cass-

Koopmans model (Ramsey, 1928; Cass, 1965; Koopmans, 1965) focused on saving and 

investment as the main drivers of growth. Later, endogenous growth theories explained 

growth as a result of internal forces including accumulation of human capital and 

technological innovations (Arrow, 1962; Romer, 1994). Others have tried to explain 

growth in an international context, where it is determined by international trade, 

especially exports. 

ELG is a phenomenon observed in open economies that achieve higher economic 

growth by improving productivity that is an upshot of competing in the international 

market (Yaghmaian, 1994). However, there is a debate in the literature on whether 

exports are the “engine” of economic growth or merely its “handmaiden” (Nurkse, 
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1961; Kravis, 1970). The 1987 World Development Report deduces that “rapid growth 

and efficient industrialization [were] usually associated with outward-oriented [export-

led growth] policies on trade” (World Bank, 1987). Outward focus, according to the 

same report, encourages efficient firms and discourages inefficient ones; import 

substitution or “inward focus” is seen to promote inefficiencies including market 

concentration and/or monopolies. 

How can exports lead to higher growth? Export opportunities translate into a larger 

market size that affects real aggregate output/income via three mechanisms. A larger 

market helps improve production technology by knowledge spillovers, by exploiting 

economies of scale and scope for specialisation of export industries, and by efficiency 

improvement through competitive pressures (Giles and Williams, 2000). This in turn 

will improve the productive capacity of the economy and will augment the growth of 

aggregate output/income. 

Firstly, the ‘spillover of knowledge’ from the exporting sector on to the rest of the 

economy subsequently benefits the entire economy (Herzer et al., 2006). The idea of 

‘international knowledge spillover’ has been argued to be an engine of growth by 

Grossman and Helpman (1991) and Rivera-Batiz and Romer (1991). Increased 

competition stimulates the export sector to employ more efficient management systems, 

improved forms of organisation, labour training, and better knowledge of technology 

and international markets. This improved ‘knowhow’ then spills over to the rest of the 

economy, as the non-export sectors look to improving their productive efficiency to 

match that of their counterparts (Chuang, 1998). As a result, the production and 

consumption possibility frontiers shift, with producers and consumers alike benefitting 

from this ‘knowledge spillover.’ 
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Such a situation is exhibited by increased investment in human capital and ‘research and 

design’, importation of better technologies and substantial productivity growth, as has 

been observed for the ‘East Asian Miracle’ economies3 (Stiglitz, 1996; Hu and Jaffe, 

2003; Ang and Madsen, 2010). Moreover, introduction of modern technologies by firms 

is believed to increase demand for high-skilled labour. This eventually raises the level 

of human capital across all sectors of the economy (Miller and Upadhyay, 2000). This 

spillover of knowledge and improvement in human capital then raises the total factor 

productivity, culminating in higher growth rates. 

Secondly, another account of the ELG stems from the demand-side. When there is a 

larger market for a particular good or service, there is scope for introducing 

technologies that take advantage of economies of scale (Young, 1928; Stigler, 1951). 

Furthermore, Giles and Williams (2000) state that bigger markets also ensure more 

opportunities for the entrepreneurial class who would otherwise be unable to exploit the 

“risks and opportunities” at home (Lal and Rajapatirana, 1987). Individual 

entrepreneurs, in seeking out risks and opportunities, will engage in increasing 

investments and shifting their production outputs, thereby augmenting aggregate output 

growth. These changes, brought about by increased entrepreneurship, are argued to be 

vital to long-term macroeconomic growth (Scott, 1976; Lal, 1987). 

Lastly, international competition resulting from trade, especially exports, improves the 

industrial organisation of an economy (Leibenstein, 1966). This competition can be with 

foreign firms in international markets and also with imports in their own domestic 

markets. The international trade literature explains that a trade exposed industry (sector) 

compels its less productive firms to exit, allowing only those firms with a comparative 

                                                 
3 The ‘East Asian Economic Miracle’ has been characterised by sustained high economic growth between 
the 1960s and 1990s by the Four Asian Tigers, Hong Kong, Singapore, South Korea, and Taiwan. 
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advantage to exist (Caves, 1985; Egan and Mody, 1992; Baldwin and Caves, 1997). 

Similarly, often inefficient, largely import-substituting firms may also transform into 

more efficient export-oriented ones when exposed to trade. The bottom line of this 

argument is that exposure to international markets and competitive pressures will lead 

to more efficient allocation of resources and will improve production technology 

through research and design. The three combined effects of exports, and trade, have a 

productivity enhancing effect in the economy which translates into higher economic 

growth. 

In summary, there are both demand-side and supply-side accounts of how a growth of 

export may spur an expansion of GDP. The ELG hypothesis states that exports of goods 

and services to foreign countries will cause economic growth in the exporting country. 

Thus, in order to validate the ELG hypothesis, exports are required to have a causal 

relationship with aggregate output/income (GDP or any other suitable proxy). 

 Economies of scale and scope allow firms to implement technologies that may 

otherwise have been unsuitable for exclusive use in the domestic market. This is 

particularly important for advanced economies with small domestic populations, such as 

Australia. It is primarily apparent in the mining and extraction industries for Australia 

where huge overseas demand allows mining to be economically viable, especially for 

smaller firms (Williams, 2012). In addition, access to burgeoning markets in Asia  and 

other emerging countries allows firms in countries such as Australia to overcome 

market saturation as well as low population growth in their home countries ("A survey 

of Australia: Something Old, Something New," 2000; Kearns and Lowe, 2011). Thus, 

ELG can play a key role in growth in developed countries and may not be relegated as 

irrelevant to advanced economies. 
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Growth-Led Exports 

Economic growth can also have effects that can improve productivity, allowing firms to 

specialise and exploit economies of scale and scope (Nain and Ahmad, 2010). However, 

in this case, economic growth, rather than exports, is the source of productivity 

improvement. GDP growth also increases the size of the domestic market, which can 

have economies of scale effects on production. A bigger market size can also encourage 

competition domestically, thereby encouraging investment in research and development 

that leads to innovation and higher productivity (Lancaster, 1980). Improvements in 

productivity by domestic forces will then improve the competiveness of the domestic 

export sector resulting in a growth in exports. For growth-led exports (GLE) to be valid, 

a causal relationship from aggregate income/output to exports has to be established. 

2.1.2 Drawbacks of resource exports: Theory of Dutch disease 

A resources boom is different from other types of booms as the attributes of the 

resources sector are unique in relation to other tradable sectors of an economy. 

According to Davis and Tilton (2005), there is asymmetry in the costs incurred and 

benefits enjoyed in an economy experiencing a resource boom. The environmental and 

other social costs are often borne overwhelmingly by local communities whereas 

benefits accrue mostly to those directly involved in the resources sector and to the 

central government’s treasury. Davis and Tilton (2005) add that mining activities often 

occur in economic enclaves since the mining sector adds very little value after 

extraction domestically and send ores and concentrates abroad for processing. In 

addition, required supplies such as specialised capital machinery are usually expensive 

and imported from abroad. Furthermore, mining operations do not generate many jobs 

and, those that are created, demand highly specialised skills. This results in a significant 
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fraction of workers being sourced from abroad or in the case of Australia, workers 

flown in and out from other parts of the country (McKenzie, 2010; Hajkowicz et al., 

2011). 

Furthermore, despite having growth and employment augmenting characteristics, 

resource exports (booms) can have detrimental effects on other areas of the economy. A 

booming resources sector (fuelled by exports) can increase wages in the non-boom 

sectors, making them less competitive in trade. This in turn can lead to relative or 

absolute decline in the remaining tradable sectors of the economy, such as agriculture, 

manufacturing, and the export-oriented services like tourism and education (Corden, 

2012). The phenomenon, Dutch disease, involves a decline in the lagging tradable 

sector(s). According to Hume (2012), Australia’s minerals exports boom of the 2000s 

has also coincided with a rise in Australia’s real exchange rate and has been blamed for 

the lacklustre performance of Australia’s other key tradable sectors such as agriculture, 

manufacturing, and tourism (Banks, 2011; Tra, 2011). The economic implications of the 

mining boom have been the subject of much discussion in academic and public policy 

circles in Australia (e.g., Garton, 2008; Battellino, 2010; Corden, 2012). Theories 

relating to Dutch disease are explained in the following section; the relevant situation is 

analysed in the context of Australia and its regions in Section 2.3. 

What is Dutch disease? 

Dutch disease, as previously stated in Chapter 1, was first reported by The Economist 

news magazine in 1977, subsequent to the discovery of a large gas field in the 

Netherlands in 1959. Corden and Neary (1982) define Dutch disease as “the coexistence 

within the traded goods sector of progressing and declining, or booming and lagging 

(non-resource tradable) sectors.” The booming sector is usually the resources sector 
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whose output surge is initiated by a soaring overseas demand. The boom results in a 

relative or absolute decline in the lagging sectors, as they find it difficult to be 

competitive (Ploeg, 2011). According to Ismail (2010), Dutch disease may have a long-

term negative impact on economic growth via its adverse impact on manufacturing, 

which may be export-oriented. The Dutch disease theory complements (rather than 

competes with) other ‘Resource Curse’ models in explaining the poor economic 

performance of resource rich economies. 

The resource curse is a challenge to the traditional view held by economists in the mid-

19th century that natural resource abundance is conducive to growth and development 

(North, 1955; Rostow, 1961). Resource exporting countries exhibited high rates of 

economic growth during the 1960-1980 period when resource prices had an upward 

trend. However, since the 1980s, many resource exporters experienced stymied or 

negative growth in per capita income (Mikesell, 1997). Studies such as Auty (1994) and 

Sachs and Warner (1999) found slow or no economic growth in economies dominated 

by resource exports. This led to economists attempting to explain this apparent paradox 

of poor economic performance against the backdrop of resource abundance. 

Some of the early scholars tried to explain this resource curse in the context of 

exceptional commodity price volatility. However, there is disagreement on whether 

commodity price instability is harmful towards long-term growth prospects (Ross, 

1999). Others have tried to explain the resource curse in the context of Dutch disease. In 

recent times, much of the resource curse literature puts the blame on policy failure and 

increase in corruption, drawing heavily from neoclassical theories of political economy 

(Rosser, 2006). According to Ross (1999), theories of policy failure can be classified 

into three groups: cognitive, societal, and statist. Cognitive theories argue that policy 
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makers embark on irrational and short-sighted policies when the central government 

stumbles upon resource revenue windfalls (or rents). Societal theories relate to the effect 

of a resource boom on the relative influence of the ruling elite, economic sectors, client 

networks, and various other interest groups. The change in socio-economic structure 

allows such groups to lobby for policies that are advantageous to them but are not in the 

best interest of the broader economy. Statist theories put the blame on a country’s 

institution quality and strength of governance. Institutions under which rent-seeking 

continues unabated are unlikely to deliver any benefits of a resource boom. In contrast, 

institutes that favour entrepreneurship are able to reap the benefits of a resources boom 

(Mehlum et al., 2006). 

The conceptual theory or ‘Core Model’ of the Dutch disease was developed by Corden 

and Neary (1982) and further explained by Corden (1984). In this ‘Core Model’, an 

economy contains three sectors: the booming sector (B), the lagging sector (L), and the 

non-tradable sector (N). The former two sectors produce tradeable goods and take world 

prices as given. Each sector employs specific factors, capital and labour in its 

production process. Labour is mobile across all three sectors and moves across sectors 

to bring wages (W), measured in terms of the lagging sector, to an equilibrium. There 

are also sector-specific rents: Rb, Rl, and Rn. Factors are all flexible and internationally 

mobile. The two effects of a boom are the “resource movement effect” and the 

“spending effect”. 

Initially, the boom lifts the marginal product of labour in the booming sector, resulting 

in labour being shifted from the non-tradable and lagging sectors into the booming 

sector. This, the resource movement effect, gives rise to “direct deindustrialisation” as it 

does not require the market for non-tradables or an appreciation of the real exchange 
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rate. This effect causes the output of both non-tradable and lagging sectors to fall as the 

wage, measured in terms of the lagging sector, rises. The real wage rate across the 

economy must rise as a result. 

The subsequent effect of the boom raises the aggregate incomes of the factors employed 

in the booming sector. When this extra income in the booming sector is spent, either by 

factor owners or indirectly through tax collection by governments, then the price of 

non-tradables relative to that in the booming and lagging sectors will rise if the income 

elasticity of demand for non-tradables is positive (i.e. it is a normal good). Known as a 

real exchange rate appreciation or indirect industrialisation, this draws resources out of 

the booming and lagging sectors into the non-tradable sector as well as shifting demand 

away from the tradables towards non-tradables. The spending effect tends to increase 

production of non-tradables while the resource movement effect does the opposite. 

The output of the non-tradable sector may be higher or lower than its initial level, 

depending on the magnitude of spending and resource effects. As the demand for non-

tradables rises, the wage in the non-tradable sector measured in terms of the booming 

sector must fall, but rises in relation to the lagging sector. The real wage rate across the 

economy may rise or fall as a result of the spending effect. When both the effects of the 

boom are considered, it is not obvious whether the boom raises or lowers the real wage 

rate in the economy. Table 2.1, reproduced here from Algieri (2011), summarises the 

dynamics of Dutch disease. 

Krugman (1987), in modelling trade against the backdrop of an evolving comparative 

advantage, noted that a real exchange rate appreciation often results from a boom (or 

new discoveries) in the natural resources sector. A real exchange rate appreciation 

renders the lagging (tradable) non-resource sectors uncompetitive. This leads to a 
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gradual decline, in either absolute or relative terms, of the lagging sector. Lost 

manufacturing sectors do not return when resources are depleted and as such are a 

substantial dilemma to policy-makers. 

Table 2.1: Dutch disease effects summarised 
Sector Prices Wages Exports Production Employment 
(1) (2) (3) (4) (5) (6) 
Resource Movement Effect 
Booming sector Internationally set Increase Increase Increase Increase 
Lagging sector Internationally set Increase Decrease Decrease Decrease 
Non-tradable sector Increase Increase - Decrease Decrease 
Spending Effect 
Booming sector Internationally set Increase Increase Decrease Decrease 
Lagging sector Internationally set Increase Decrease Decrease Decrease 
Non-tradable sector Increase Increase - Increase Increase 
Net Effect 
Booming sector Internationally set Increase Increase Ambiguous Ambiguous 
Lagging sector Internationally set Increase Decrease Decrease Decrease 
Non-tradable sector Increase Increase - Ambiguous Ambiguous 
Source: Algieri (2011). 

 

Extensions to the Dutch Disease Theory 

Fardmanesh (1990) develops the core model further by considering a small open 

economy and by incorporating the “world-price effect”. However, their model considers 

a small open economy that produces three different commodities in addition to 

oil/fuel/resources. These commodities are agriculture, manufacturing, and services of 

which the former two are internationally tradeable and the latter is not. The three factors 

of production include land, labour, and capital. Each sector is characterised by constant 

returns to scale and uses two out of the three factors that have a constant elasticity of 

substitution. This model analyses the short-run and long-run effects of a boom by 

observing their respective equilibrium conditions when product and factor markets clear 

and when economic profits are zero. In the short-run, an increase in the national income 

(spending effect) and an increase in the world price of manufactured goods relative to 
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agricultural products (world-price effect) both lead to a shrinking of the agricultural 

sector. Depending on the type of the economy, the world-price effect may counter the 

negative effect of the spending effect on the manufacturing sector and result in its 

expansion. Capital rents and the price of the non-traded good are determined by world 

prices in the long-run and the transfer argument for real exchange rate appreciation 

becomes non-existent. The spending effect does not affect the agricultural sector in the 

long-run: any decline in this sector is solely determined by world-price effects. 

Modelling by Matsen and Torvik (2005) comes to a different conclusion that slow 

growth that is attributed to Dutch disease may actually be the optimal growth path for 

that economy. In other words, these authors argue that some Dutch disease could be 

economically beneficial for a resource-exporting country. Matsen and Torvik (2005) 

explain that the relative importance of the “traded sector” in augmenting growth 

determines how the “resource wealth” needs to be spent in the early periods of a boom. 

Chao et al. (2006) make an extension to the Dutch disease model in which the booming 

sector is the tourism sector. Here, a boom in the tourism sector increases the price of the 

non-traded sector relative to the traded sector and improves the tertiary terms of trade, 

resulting in an increase in revenue. This model assumes that foreign tourists consume 

local non-traded good only during their tenure as tourists. However, this increase in the 

relative price of non-traded goods results in capital being diverted away from 

manufacturing to the non-tradable sector. Loss of capital in the manufacturing sector 

negatively impacts on its production, resulting in tourism-boom led deindustrialisation. 

Lastly, models by Ploeg (2011) address the Dutch disease in the context of 

deindustrialisation. Ploeg shows that when the resource revenue “windfall” is not large 

enough for the country to become a “rentier”, it should produce capital goods and an 
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adjustment to this “windfall” takes time. Accumulation of home-grown capital reverses 

the adverse effects of temporary appreciation of the real exchange rate. Ploeg (2011) 

also posits that a country, if small and the “windfall” large, should be able to counter the 

Dutch Disease by importing capital and labour. 

 

2.2 Export-Led Growth in Australia: Some Stylised Facts 

2.2.1 The Australian perspective 

Australia, one of the most affluent economies of the world, is a developed, market-

based economy. It is also a member of the Organisation for Economic Co-operation and 

Development (OECD, 2012). Australia, an island continent, is the 11th largest economy 

in the OECD and 13th largest in the world (World Bank, 2014). Australia is a large 

country in terms of landmass with a total land area of 7,682,300 square kilometres. It is 

the six-largest country in terms of area and is situated between the Indian Ocean to the 

west and the Pacific Ocean to the east (CIA, 2013). 

Relative to its area, Australia had a small population of 22.3 million in 2012 but had 

relatively high population growth, 1.6 percent, compared to other developed countries 

(ABS, 2013a). The relatively high population growth in Australia may be credited to 

high levels of immigrant intake (Borjas, 1991; Antecol et al., 2003). Australia’s climate 

is diverse, with arid to semi-arid in the centre, temperate in the south and east, and 

tropical in the north. The majority of Australia’s population live in capital cities located 

along the coastline, especially along the east coast. The country follows a bicameral 

system of parliament: a federal (national) and six state and two mainland territory 

(regional) governments. 
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The six states and two territories (regions) of Australia include New South Wales 

(NSW), Victoria, Queensland, South Australia (SA), Western Australia (WA), 

Tasmania, the Northern Territory (NT) and the Australian Capital Territory (ACT). 

Figure 2.1 outlines a map of Australia with the regional (states and territories) borders 

demarcated. 

Figure 2.1: Map of Australia 

 
Source: Geoscience Australia (2014a)4. 
 

Table 2.2 contains a brief summary of the demographic statistics and data on the iron 

ore and coal deposits by region. Iron ore and coal are the two largest Australian export 

commodities, with respective values of A$74,684m and A$39,965m in 2014 (DFAT, 

2013, 2014). The geographical area of Australia and its regions are vast compared to 

their respective populations. Even though the country covers the sixth-largest area in the 

world, Australia is ranked 52nd in terms of population, making it one of the most 

sparsely populated countries. The landscape is diverse in terms of geography, climate, 

population, and macroeconomic makeup (Australian Government, 2014a). 

                                                 
4 This material has been used under a Creative Commons Attribution 3.0 Australia licence. 
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Table 2.2: Stylised facts of Australian regions, 2012 
Region Area 

(km2) 
Population 

(‘000) 
% of Australian 

Population 
Iron ore deposits 

(% of total) 
Coal deposits 
(% of total) 

(1) (2) (3) (4) (5) (6) 
NSW 800,642 7,305.53 32 <1 38 
Victoria 227,416 5,631.57 25 <1 0 
Queensland 1,730,648 4,568.70 20 <1 61 
WA 2,529,875 2,436.18 11 91 1 
SA 983,482 1,656.27 7 8 0 
Tasmania 68,401 512.19 2 <1 0 
NT 1,349,129 235.21 1 <1 0 
ACT 2,358 375.12 2 - - 
Australia 7,692,024 22,723.90 100 100 100 
Source: Geoscience Australia (2010), ABS (2013a), ABS (2013b), ABS (2013c) and Geoscience 
Australia (2014b). 
Resource deposits data are not available for ACT. 
 

Columns (5 and 6) of Table 2.2 indicate that the reserves of Australia’s two largest 

resource exports are concentrated in only a few regions. WA is home to 91 percent of 

Australia’s iron ore deposits. Queensland is home to 61 percent of Australian coal 

deposits. A substantial share, 38 percent, of Australian coal is also in NSW. 

International trade and the Australian economy 

In 2014, Australia was the 21st largest merchandise exporter and the 23th largest 

merchandise importer in the World. Australia’s position in the world trade of 

commercial services is similar, with a rank of 25 in exports and 19 in imports (WTO, 

2014). Figure 2.2, which presents Australia’s major trading partners, demonstrates that 

Australia deals much of its trade with Asian economies. 

Australia’s geographical proximity to Asia explains the fact that seven out of its top ten 

trading partners are Asian economies. China is the major export destination and also the 

country of origin for imports. Historical roots and ties with the UK, the US, and New 

Zealand are possible reasons why Australia trades substantial amounts with these 
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countries, despite the geographical distance with the UK and US and smaller economy 

of New Zealand (Dunlap, 1999). 

Figure 2.2: Top ten trading partners of Australia, 2011 

 
Source: ABS (2013d)5. 
 

According to Colin (2006) and Garnaut (2012), Australia’s exports have been the major 

driving force behind growth since early the early 21st century, as the country underwent 

a boom in exports driven by a rising demand for minerals and resources in Asia, 

particularly China (Kearns and Lowe, 2011). In 20126, Australia’s main exports were 

coal, iron ore, gold, meat, wool, alumina, wheat, machinery, and transport equipment 

(CIA, 2013). According to the ABS (2013a), the top imports into the country during the 

same time were machinery and transport equipment, computers and office machines, 

telecommunication equipment and parts, and crude oil and petroleum products. 

As an overview of the changing economic situation in Australia, we present the 

summary characteristics of some of the economic indicators for 1981 and 2012 in Table 

2.3. The Australian GDP grew from A$554,392m in 1981 to A$1,486,072m in 2012 

(ABS, 2013a), with high GDP growth rates relative to other developed countries, at 3.36 

                                                 
5 This material has been used under a Creative Commons Attribution 2.5 Australia licence. 
6 The year 2012 refers to financial year 2011-12 in Australia. 
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and 3.61 percent in 1981 and 2012, respectively. Australia’s real merchandise exports 

have had remarkable growth, rising from a meagre A$62,225m in 1981 to A$311,249m 

in 2012. 

Table 2.3: Economic indicators, Australia, 1981, 2000, 2012 
Indicator 1981 2012 
(1) (2) (3) 
GDP (A$m) 554,392 1,486,072 
GDP growth rate (%) 3.36 3.61 
GDP per capita (A$) 37,149 65,997 
Goods exports (A$m) 62,225 311,249 
Goods imports (A$m) 37,659 308,583 
International trade (% of GDP) 18.01 41.71 
Source: ABS (2013a), ABS (2013b), ABS (2013d), and ABS (2013e). 
 

Imports have also increased at an alarming rate during this 30-year period. International 

trade (as a percentage of GDP) has also increased, from 18.01 percent in 1981 to a 

healthy 41.71 percent in 2012. These indicators point in the direction of a country with 

very high economic performance, compared to other developed countries. 

As noted earlier, the rate of growth in exports is different during the pre-1980s period 

from the post-1980s period. This can be attributed to the broad economic reforms 

starting in the early 1980s and later to the 2000s boom in export of minerals and 

resources (Connolly and Orsmond, 2011). A new wave of structural adjustment policies 

were initiated in the early 1980s in Australia. The floating of the Australian dollar, 

which happened in the early 1980s, facilitated the subsequent trade liberalisation 

(Banks, 2005). Furthermore, in the mid-1980s, a notable policy shift occurred in terms 

of the trade policy liberalisation, with the elimination of import quotas and a series of 

phased reductions in tariffs across most industry sectors (Kelly, 2000; Banks, 2005). 
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Mining and Fuels export rose from A$114.9bn in 2001 to A$170.2bn in 2012, 

increasing by some 50 percent (ABS, 2013d). Employment in Australia’s mining sector 

also grew from about 78,500 in 2001 to 249,500 in 2012, increasing by more than 300 

percent, compared to only 27 percent increase in manufacturing and services combined 

during the same time (ABS, 2013f). 

This mining exports boom has been uneven throughout the country due to dissimilar 

regional resources endowments (seen previously in columns 5 and 6, Table 2.2). 

According to Marsh (2008), the 2000s exports boom has been fuelled by coal exports 

from Queensland and by iron ore, gold, and natural gas exports from WA, ‘boom 

states’. However, in NSW and NT, which are not boom states, mining and fuels exports 

form substantial shares of total exports, with coal and natural gas topping their 

respective export baskets (DFAT, 2013), as seen in Table 2.2. 

Table 2.4 presents the population, real Gross State Product (GSP) per capita, real GSP 

growth rate, real exports and imports as a percentage of GSP from the eight regions and 

from Australia as a whole for 2012. NSW (32 percent) is the most populous region 

followed by Victoria (25 percent) and Queensland (20 percent). However, WA, which is 

a boom region as well as the fourth most populous region (11 percent), has the highest 

GSP per capita, followed by NSW and Queensland (also a boom region). 

Table 2.4 also shows that, in 2012, the boom regions of Queensland and WA have 

recorded the highest GSP growth rates (4.63 and 7.34 percent) and the largest shares of 

exports (20 and 46 percent) among the eight regions. However, the boom regions 

contribute much lower shares of imports (17 and 15 percent), compared to the two 

populous regions of NSW (37 percent) and Victoria (26 percent). These statistics show 

that there are regional disparities in economic growth and exports in Australia. As 
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Table 2.4: Regional economic indicators, 2012 

Region 
Population (‘000) Real GSP 

per capita 

GSP 
growth 

rate 
Real exports Real imports 

Number Shareb 
(%) 

(A$) (%) Value 
(A$m) 

Sharec 
(%) 

Value 
(A$m) 

Shared 
(%) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
NSW 7,305.5 32 63,739 2.37 40,517 15 86,390 37 
Victoria 5,631.6 25 58,806 2.82 21,620 8 59,644 26 
Queensland 4,568.7 20 62,943 4.63 52,818 20 39,839 17 
WA 2,436.2 11 100,697 7.34 120,327 46 35,190 15 
SA 1,656.3 7 56,485 1.77 11,411 4 7,262 3 
Tasmania 512.2 2 47,547 0.44 3,187 1 883 0 
NT 235.2 1 80,844 4.51 5,287 2 4,148 2 
ACT 375.1 2 90,292 3.65 12.2 0 19.9 0 
Australiaa 22,723.9 100 65,997 3.61 264,028 100 233,240 100 
Source: ABS (2013b), ABS (2013c), and ABS (2013d). 
a: For Australia, GSP is GDP, b: Share of total Australian population, c: Share of Australia’s total 
exports, d: Share of Australia’s total imports. 
 

exports and imports for the ACT are miniscule, highly volatile, and contribute a 

negligible share to the Australian economy compared to the other regions, the ACT has 

been excluded from further analysis. 

The top ten trading partners and current account balance of each of the regions are listed 

in Table 2.5. The majority of the top ten trading partners both for the regions and 

Australia as a whole are developing economies from Asia-Pacific region. The current 

account balances show that the boom regions enjoy the largest trade surpluses, with WA 

and Queensland recording the largest trade surplus in Australia. 

In the non-boom regions, NSW has a net trade deficit as it suffers the largest trade 

deficit among the regions. It is followed by Victoria, which also runs a large trade 

deficit. In contrast, the current account balances of the smaller non-boom regions SA, 

Tasmania, and NT are in surplus but these trade surpluses are negligibly small in 

comparison with those of the boom regions. Overall, Australia as a whole registered a 
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nominal trade surplus of A$10.6bn in 2012. Thus, Australia’s national current account 

surplus is largely due to the large trade surpluses of Queensland and WA. 

Table 2.5: Top international trading partners by region, 2012 
Region Top Ten Trading Partners Net Trade with 

World (A$m) 
(1) (2) (3) 
NSW China, Japan, US, South Korea, New Zealand, 

Germany, Singapore, Malaysia, Taiwan, UK 
–45,832 

Victoria China, US, Japan, New Zealand, Singapore, 
Germany, Thailand, South Korea, Malaysia, 
Indonesia 

–38,029 

Queensland Japan, China, South Korea, US, India, Taiwan, 
Papua New Guinea, Singapore, Malaysia, UK 

13,084 

WA China, Japan, South Korea, Singapore, UK, US, 
Thailand, India, Indonesia, Malaysia 

85,487 

SA China, US, Japan, Singapore, Malaysia, India, South 
Korea, Indonesia, Thailand, UK 

4,155 

Tasmania China, US, Indonesia, Taiwan, Japan, Malaysia, 
India, South Korea, Hong Kong, Thailand 

2,234 

NT Japan, China, Singapore, Kuwait, South Korea, 
Indonesia, Oman, US, India, France 

1,126 

Source: DFAT (2013). 
 

Export composition 

Figure 2.3 presents Australia’s historical export indices with a base year 1953 = 100 for 

three distinct periods 1900-1913, 1921-1938 and 1950-1960. These plots include data 

on ‘total exports’, ‘manufactured goods exports’ and ‘other goods exports’. The plots 

show that historically, manufacturing played a key role in Australian exports. 

Manufactured goods exports appear to decline prior to both World Wars7 and picked up 

during the wars. The plots, however, do not provide much insight into how the export 

landscape of Australia changed over the years. This is because the UN data includes 

only ‘manufacturing’ and ‘other’ exports as export sectors/categories. To get a better 

understanding, we look at more recent data derived from data published by the ABS. 

                                                 
7 The two World Wars mentioned here were global wars that took place during the periods 1914-1918 and 
1939-1945 respectively. 
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Figure 2.3: Historical exports indices, Australia 

  

 

 

Source: United Nations (2013). 
 

Figure 2.4 presents Australian exports by sector from 1991 to 2012. The changing 

landscape of Australian exports is evident. Although there is a general upward trend in 

the exports for the three sectors until the late 1990s, mining and fuels exports have 

increased from 2001 at a much faster rate, while exports of agricultural goods and 

manufacturing exports have declined. Trends in the three export sectors indicate the 

onset of the ‘mining exports boom’ in the early 2000s in Australia (Kearns and Lowe, 

2011). 
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Figure 2.4: Australian exports by sector, Australia, 1991 to 2012 

 
Source: ABS (2013d) and ABS (2013g). 

 

The mining boom 

The boom in resources exports, initiated by a sharp rise in demand particularly from 

China, resulted in spikes in resources prices and improvement of terms of trade in 

Australia. Real quarterly8 prices of iron ore (exports to China) and coal – the two 

biggest export items of Australia – are plotted in Figure 2.5. The plots show that the 

price of coal was on a slightly declining trend until the early 2000s, when there was an 

abrupt rise in prices. The price of Australian coal spiked immediately before the GFC, 

declined immediately afterwards, and has recovered mostly since then. However, at the 

end of the 2000s, the price of coal was on the decline again. In contrast, the real price of 

iron ore remained relatively stable since the beginning of the period to the early years of 

the 2000s, when it picked up sharply. Unlike coal, it did not experience large spikes but 

increased at a sustained pace despite the GFC. However, since the end of the decade the 

real iron ore prices are seen to be declining along with real coal prices. 

                                                 
8 The four quarters in each calendar year include March (Q1), June (Q2), September (Q3), and December 
(Q4). The Australian fiscal year starts from Q3 of a calendar year through to Q2 of the following calendar 
year, (e.g., FY2012=2011:Q3+2011:Q4+2012:Q1+2012:Q2). 
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Figure 2.5: Resource prices and terms of trade index, Australia, 1984:Q4-2013:Q2 

 
Source: ABS (2013g), IMF (2014), The Steel Index (2014) and U.S. Bureau of Labor Statistics (2014). 
 

The terms of trade index, which is the ratio of export prices to import prices, is virtually 

identical to the resource prices. Thus it can be surmised that the boom in the resource 

prices, begun in the early 2000s, also coincided with a large increase in export volumes 

of resources (see Figure 2.4). In addition, price levels of both commodities have 

remained higher than their pre-boom levels since the fall initiated in the post-2010 

period. 

In Figure 2.6, the amounts of private capital expenditure going into selected sectors of 

Australia are plotted from 1987:Q3 to 2013:Q2. New private capital going into mining 

and manufacturing remained virtually similar until about the end of 2004, when capital 

expenditure picked up in mining while that in manufacturing remained virtually 

constant. Furthermore, the total new capital expenditure of Australia follows virtually 

the same trajectory as that of the mining sector. Capital expenditure going into other 

sectors began rising from about late-1992 onwards. This may indicate that capital 

formation peaked for most of Australia’s sectors after the early 1990s recession. 
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Overall, it can be noted that new capital expenditure in the mining sector has been an 

increasingly more important source of investment in Australia. 

Figure 2.6: Private new capital expenditure by sector, Australia, 1987:Q3-2013:Q2 

 
Source: ABS (2014a). 
 

Economic growth and exports 

Exports, imports, and GDP are plotted in Figure 2.7 for a visual inspection of any 

association between GDP and exports or imports in Australia. Figure 2.7 plots the GDP, 

exports and imports (in constant 2005 US$) of Australia from 1961 to 2012. GDP has 

had a steady increase during the sample period; exports have also been on the increase, 

with the rate of increase growing steadily since 1980. Exports appear to rise steadily 

from the early 1980s and flatten somewhat in approximately 2001 before picking up 

shortly afterwards. Imports rise sharply in the early 1990s and appear to continue in the 

same trajectory as exports until about 2004 when it shoots up. The trends of GDP and 

exports appear to be slightly divergent since the early 2000s, as export growth seems to 

slow. This could be an indication that boom in the resources sector adversely affected 

the exports and/or production of some of the other sectors. In addition, the “mining 
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boom windfall” may be behind the dramatic rise in imports since the latest boom that 

began in the early 2000s. 

Figure 2.7: GDP, exports, and imports, Australia, 1960-2012 

 
Source: The World Bank (2014). 
 

2.2.2 The regional perspective 

The mining exports boom has been uneven throughout the country due to the dissimilar 

regional resource endowments in Australia’s eight administrative regions. As previously 

noted, Queensland and WA are ‘boom states’ and that the exports boom is fuelled by 

coal exports from Queensland and by iron ore, gold, and natural gas from WA. 

According to Garnett (2012), the boom regions experienced rapid economic growth and 

demographic shift culminating from increased exports of mining and extracts. As a 

matter of comparison, in 2011, WA male workers earned A$ 335 per week more than 

their counterparts in NSW as the former region topped all the other regions in terms of 

pay (Duffy, 2011). However, in NSW and NT, which are not boom regions, resource 
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explain why the different Australian regions grew at different speeds, both in terms of 

population and economy. 

Exports: Australian Regions 

Figure 2.8 depicts the changing regional exports landscape between 2001 and 2012. As 

can be seen, the mining regions contribute a larger share of total exports. Queensland 

and WA contribute the largest share to Australia’s total exports and only in these 

regions have exports grown substantially between 2001 and 2012. Exports from other 

regions have shrunk during this period, except for NSW where exports grew marginally. 

In Figure 2.8, the boom regions can clearly be identified as Queensland and WA since 

only their exports have grown since 2001. WA is the largest exporter followed by 

Queensland. However, in terms of population and imports these regions rank 4th and 3rd 

respectively (ABS, 2012). 

Figure 2.8: Merchandise exports by region, Australia, 2001 and 2012 

 
Source: ABS (2013d). 
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by a meagre two percentage points. The shares of NSW and Victorian exports in 

Australia’s national exports have shrunk significantly, with losses of five and 12 

percentage points respectively. SA’s share of total exports decline from seven percent in 

2000 to five percent in 2010. The NT exports share halves (from four to two percentage 

points) while Tasmanian and ACT shares remain almost the same (two and zero 

percent). 

Figure 2.9: Export shares by region, Australia, 2001 and 2012 

  
Source: ABS (2013d) and ABS (2013e). 
 

In Table 2.6, exports from the regions are broken down into broad sectors which include 

Agriculture, Mining, Manufacturing and Other9. In addition to the information provided 

in this table, a list of top export and import items of each region is provided in Table 

A2.1. Data on real merchandise exports in columns (2)-(5) in Table 2.6 show that NSW 

exports are mainly in the ‘mining’ and the manufacturing sectors; Victorian exports are 

mainly from the agriculture and manufacturing sectors; Queensland and WA exports are 

from the mining sector; SA exports are mainly from the agriculture sector; Tasmanian 

exports are from the manufacturing sector; and NT exports are mainly from the mining 

                                                 
9 Exports belonging to the ‘Other’ sector include some merchandise exports that either cannot be 
categorised under the previous three sectors or are confidential export items which may include 
commercially and politically sensitive items belonging to the three main export sectors. 
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sector. Export contributions from Tasmania and NT are very small compared to the 

other (much larger) regions. 

Table 2.6: Real merchandise exports by sector, Australia and its regions, 2012 

Region 
Real merchandise exports (A$bn) Share of exports (% of total) 

Agri. Mining Manu. Other Total Agri. Mining Manu. Other Total 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

NSW 4.9 21.0 11.0 3.7 40.5 17.9 13.8 31.9 8.8 15.9 
Victoria 7.3 4.3 8.1 1.9 21.6 26.8 2.8 23.5 4.5 8.5 
Queensland 5.7 30.6 7.3 9.2 52.9 20.7 20.2 21.2 22.2 20.7 
WA 4.0 88.4 3.7 24.5 120.5 14.5 58.2 10.6 2.6 47.2 
SA 4.7 2.7 2.9 1.1 11.4 17.3 1.8 8.5 58.7 4.5 
Tasmania 0.6 0.9 1.3 0.4 3.2 2.1 0.6 3.6 1.0 1.2 
NT 0.2 3.9 0.2 0.9 5.3 0.8 2.6 0.7 2.2 2.1 
Australia 27.4 151.8 34.5 41.7 255.4 100.0 100.0 100.0 100.0 100.0 

Source: DFAT (2013). Agri.: Agriculture, Manu.: Manufacturing. 
 

Considering the share of exports contribution from each region to the three main 

sectors, Victoria has the largest share in agricultural exports, followed by Queensland, 

NSW, SA, and WA. Mining exports are dominated by WA, followed by Queensland 

and then NSW, while contribution by other regions is very small. Manufacturing 

exports are dominated by NSW followed by Victoria and Queensland. Overall, WA 

contributes about 50 percent of the Australian exports; Queensland contributes about 20 

percent, followed by NSW which is about 16 percent, with other regions contributing 

considerably smaller shares. This is in line with the reliance of Australian exports on the 

Mining and Fuels sector. The last row of Table 2.6 illustrates that mining dominates 

Australia’s overall exports. We shall revisit Table 2.6 in Chapter 6. 

Economic growth: Australian Regions 

The economic growth rates of boom regions and the rest of Australia are plotted in 

Figure 2.10. Economic growth rates of Queensland, WA and the rest of Australia are  
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Figure 2.10: Economic growth rates – boom regions and the rest of Australia, 
1991-2012 

 
Source: ABS (2013c). 
 

calculated as the growth rate in Gross State Product (GSP). The economic growth rates 

have been fluctuating in the boom states throughout the sample period. Except for 

Queensland, WA and the rest of Australia in the early 1990s and for Queensland 

between 2008 and 2011, there has been positive economic growth throughout the 

sample period.  

Figure 2.11 presents the private new-capital expenditure for selected sectors in six 

Australian regions. The plots for new-capital expenditure paint a telling story – mining 

boom regions have also enjoyed a boom in mining investment. Capital expenditure in 

the mining sector in the boom regions has spiked during the mining boom; in other 

regions capital expenditure has gone mostly into manufacturing and other sectors. 

However, capital expenditure into mining is seen to rise for a short time during the latter 

part of the 2000s in NSW and between 2006 and 2009 in SA. This is in line with the 

argument by Harkness (2011) that mining booms are also associated with investment 

booms. 
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Figure 2.11: Private new capital expenditure by sector, Six Australian regions, 
1989:Q2-2013:Q2 

  

  

  

Source: ABS (2014a). 
 

Brain (2012) explains that when an unexpected rise in resources price makes extraction 

profitable, investment pours into the resources sector, which is also supported by the 
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core model (Corden and Neary, 1982). The increased investment augments the 

production capacity, which in turn makes the output of the resources sector rise. 

According to Glynn (2011), there was A$450bn (US$461bn at the time) in mining and 

energy projects either under way or in planning in 2011. As can also be seen in Figure 

2.11, the peaks and troughs of capital expenditure in the boom regions are much more 

prominent than those of the rest of Australia. The high growth of capital expenditure in 

the boom regions indicates that they are enjoying an investment boom in addition to the 

exports boom at that time. 

The merchandise imports into the Australian regions in 2000 and 2012 are depicted in 

Figure 2.12. The scenario in Figure 2.8 is repeated in this graph, where the boom 

regions, including Queensland and WA, grew their imports faster than the non-boom 

regions. Imports to Queensland and WA more than doubled from 2000 to 2010. 

Likewise, the top two importers are NSW and Victoria (the most populous regions), 

followed by Queensland and WA (boom as well as the third and fourth most populous 

regions). Furthermore, the imports to other regions exhibit a pattern similar to that of 

their exports – smaller magnitudes and modest gains. The remarkable growth in imports 

Figure 2.12: Merchandise imports by region, 2001 and 2012 

 
Source: ABS (2013d) and ABS (2013e). 
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in the boom regions may also be attributed to the “mining boom windfall” that 

improved incomes of these regions. 

2.3 Dutch Disease in Australia: Some Stylised Facts 

2.3.1 Resources Boom and the national economy 

To understand any adverse effect of mining on Australian wages, employment, and 

value added in four broad sectors (agriculture, manufacturing, mining, and services) are 

plotted Firstly, Figure 2.13 contains indices of total hourly rates of pay excluding 

bonuses in three sectors10 from 1997:Q3 to 2013:Q2. Wage growth in the mining sector 

has been on the rise since the early 2000s. Manufacturing and services wage rates 

remain virtually identical and higher than wage rates in mining, until the late 2000s 

when the mining wage rate overtakes those of services and manufacturing. At the same 

 

Figure 2.13: Wage rate indices by sector, Australia, 1997:Q3 to 2013:Q2 

 
Source: ABS (2014b). 

                                                 
10 Agriculture wage price index is not included in Figure 2.13 due to the unavailability of data. 
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time, the services wage rate appears to rise above that of manufacturing until 2013, 

when it again converges with manufacturing wages. Thus, wage rates are seen to rise in 

both the mining and services sectors, along with a relative slowdown in manufacturing, 

as anticipated by the ‘Core Model’ by Corden and Neary (1982). We then look at the 

employment data by sector to see whether a similar scenario is maintained.  

Figure 2.14 plots the employment indices of the four sectors for 1984:Q4 to 2013:Q2. 

Employment in agriculture and manufacturing is seen to stagnate during the entire 

period. However, agriculture employment begins to fall faster after the early-2000s 

while manufacturing employment is on a steeper downward trajectory by the mid-

2000s. Employment in mining is seen to be almost stagnant from 1984:Q4 to about the 

early 2000s, when it picks up sharply. In contrast, services employment exhibits a 

constant increasing trend throughout the time period. The relatively rapid upward 

movement in mining wages and employment, accompanied by subsequent relative  

 

Figure 2.14: Employment by sector, Australia, 1984:Q4-2013:Q2 

 
Source: ABS (2013f). 
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increases in wages and employment in the services sector, corresponds to the 

predictions in the ‘Core Model’. In addition, there is a relative decline in wages and 

employment in the manufacturing that the ‘Core Model’ predicts. As the plots point to 

some relative decline in the manufacturing sector of Australia, we look at any 

similarities in the patterns of resource prices and the real exchange rate in the next sub-

section. 

Resource prices and the real exchange rate 

After we observe employment and wage rates by sector, we plot the real exchange rate 

along with the resource prices which include real price indices of iron ore and coal in 

Figure 2.15. According to Connolly and Orsmond (2011), these two commodities 

constitute the majority of resource exports during the 2000s mining boom.  

Figure 2.15: Resource prices and real exchange rate, Australia, 1984:Q4-2013:Q2 

 
Source: RBA (2013), IMF (2014), The Steel Index (2014), and U.S. Bureau of Labor Statistics (2014). 
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Australia follow closely those of the resource prices. The real coal and iron ore prices 

and the real exchange rate follow each other very closely. Similar to the resource prices, 

the long-term trend of the real exchange rate is virtually stable until the early 2000s, 

when it picks up substantially. The effect of the GFC can be seen in the real exchange 

rate with a sharp plunge in value around early-2008. The real exchange rate then picks 

up and settles in the 2010s. 

We now look at the Trade Weighted Indices (TWI), real and nominal, of the Australian 

dollar, as calculated by the Reserve Bank of Australia (RBA) and presented in Figure 

2.16, to see how the other measures of the exchange rate of the Australian dollar change 

over time. The observations from this plot are virtually identical to the previous graph: 

the TWI shows a decline from the mid-80s and an upward trend from the early 2000s. 

The GFC’s impact is indicated in this plot as a sudden fall in TWI, which rebounds 

quickly afterwards. 

Figure 2.16: Trade Weighted Index – Australian Dollar, 1983-2012 

 
Source: RBA (2012)11. 
 

                                                 
11 This chart has been reproduced with permission from the RBA. 
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Figures 2.15 and 2.16 show that movements in the Australian real exchange rate is 

similar to that of resource prices during the sample period. Similar observation is made 

by Downes et al. (2014), who note that “the boom has contributed to a large 

appreciation of the Australian dollar”. These visual observations satisfy one of the 

central tenets of the ‘Core Model’, leading us to believe that Dutch disease in some 

form or another may be present in the Australian economy. Because this observation 

does not formally prove that the real exchange rate appreciation is brought about by the 

hike in resource prices, the Dutch disease effects need to be formally tested. 

Production by sector 

It is necessary to look at the sectoral production (value added) over the decades to 

identify any decline. Figure 2.17 plots the value added in the agriculture, mining, 

manufacturing, and services sectors. Although manufacturing has risen slightly over the 

decades, it appears to be stagnating and may even have declined since late 2001. This is  

Figure 2.17: Value added by sector, Australia, 1984:Q4-2013:Q2 

 
Source: ABS (2013a). 
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in line with the exchange rate spike seen in Figures 2.15 and 2.16. Agricultural value 

added has had an almost flat trend since the beginning of the plot from 1984:Q4. Value 

added in mining and services appears to grow at about the same pace until the early 

2000s, when mining picks up considerably. 

Table 2.7 shows the changing sectoral shares of each broad sector in Australia between 

1990 and 2012. As can be seen, the sectoral shares of agriculture and manufacturing 

decline by roughly 0.41 and 5.31 percentage points respectively; at the same time, the 

sectoral shares of mining and services grow by 0.82 and 4.89 percentage points 

respectively. Thus, the relative importance of agriculture and manufacturing can be seen 

to deteriorate while that of mining and services improves between 1990 and 2012. 

Table 2.7: Sectoral shares of Australia and its regions, 1990 to 2012 

Economy 
1990 2012 

Agri. 
(%) 

Mining 
(%) 

Manu. 
(%) 

Serv. 
(%) 

Agri. 
(%) 

Mining 
(%) 

Manu. 
(%) 

Serv. 
(%) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Australia 2.99 9.45 13.34 74.22 2.58 10.27 8.03 79.11 
NSW 1.87 3.06 15.70 79.37 1.90 3.97 10.03 84.10 
Victoria 3.81 8.99 18.71 68.49 3.30 2.57 10.76 83.38 
Queensland 4.20 13.66 14.62 67.53 3.68 13.26 9.48 73.58 
WA 5.44 34.32 8.12 52.11 2.38 42.93 6.45 48.23 
SA 7.02 4.97 17.17 70.83 6.40 5.43 11.35 76.82 
Tasmania 10.23 2.93 20.02 66.81 10.33 2.02 9.81 77.85 
NT 2.59 34.01 5.52 57.87 2.86 25.28 7.62 64.24 
Source: ABS (2013a). 
Agri.: Agriculture, Manu.: Manufacturing and Serv.: Services. 
 
 
This observation of a relative decline in agriculture and an absolute decline in 

manufacturing, coupled with a rise in mining and services production (services is 

generally considered non-tradeable), is analogous to the Dutch disease theory developed 

by Corden and Neary (1982) and Corden (1984). In their ‘Core Model’, the boom in the 

resources sector coincides with a rise in resource prices and a subsequent decline, in 

absolute or relative terms, in the lagging sectors (often manufacturing and sometimes 
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agriculture). Thus, Figure 2.17 and Table 2.7 provide some clues to the mining boom 

coinciding with a deindustrialisation, suggesting a possible presence of Dutch disease in 

Australia. 

The mining boom has been alleged to have caused a possible decline of the agriculture 

and manufacturing sectors in Australia. However, low labour costs in developing 

countries, particularly in Asia, are also blamed for the decline in manufacturing in many 

developed economies including Australia. Productivity and labour costs are key 

determinants of production in any particular sector. Nevertheless, low labour wages in 

low income trading partners alone cannot be the reason behind the relative decline in 

agriculture and/or manufacturing experienced in Australia and in many other developed 

economies. The changing market for the tradable sector may also be due to the growing 

affluence of low-income countries, which still demand cheap low-tech products. This in 

fact is a likely contributing factor, as Crinò and Epifani (2012) observe a negative 

association between Italian firms’ productivity and their exports to low-income 

countries. 

2.3.2 Sectoral production in the regional economies 

Figure 2.18 plots the value added index (2012=100) for the four broad economic sectors 

for each of the regions. From 2000 onwards, for agriculture, value added is seen to 

stabilise for all regions except where it embarks on a sharp decline. It is seen to recover 

in NSW, Queensland, SA, and NT sometime between 2006 and 2008, but again takes a 

tumble in NSW, SA, and NT shortly after 2010. In Victoria, agriculture value added is 

seen to remain virtually stable after 2000 while in WA it is more volatile in the post-

2000 period, taking a deep dive after 2008. Tasmania’s agriculture value added, on the 

other hand, is found to have a virtually constant upward trend between 1990 and 2013. 
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Figure 2.18: Value added index by sector, Australian regions, 1990-2013 

  

  

  

Source: ABS (2013c). 
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Figure 2.18: Value added index by sector, Australian regions, 1990-2013 (contd.) 

 

 

Source: ABS (2013c). 
 

Regional manufacturing value added is seen to slow down in NSW, Victoria, SA, and 

Tasmania from about 2000. In addition to the slowdown, manufacturing in these 

regions, except SA, can be seen to decline in the late 2000s. On the other hand, 

manufacturing in Queensland, WA and NT is seen to increase during the same period. 

However, manufacturing in Queensland is seen to take a large fall since approximately 

2008. This period conforms to the onset of the GFC, whose effects are also seen in all 

the regional manufacturing plots, particularly those in Queensland. 

The services sector is seen to have a constant upward trend in all regions between 2000 

and 2013. Here too, the effect of the GFC is seen to be more pronounced in Queensland 

than in other regions. Mining value added increases for all regions except Victoria and 

Tasmania during the same period, as decline of mining in those two regions has been 

steeper from the mid-1990s. Mining in Queensland is also seen to suffer more from the 

GFC than others. Mining in NSW and SA, on the other hand, has been relatively stable 

in the post-boom period. 
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The regional value added plots show either a relative or an absolute decline in the 

agriculture and/or manufacturing sectors in some of the regional economies including 

the five most populous regions: NSW, Victoria, Queensland, WA, and SA. The changes 

in sectoral shares of four broad sectors of the regional economies between 1990 and 

2012 can be seen in the lower part of Table 2.7. Agriculture’s share fell in all the large 

regions while in smaller Tasmania and NT it underwent small increases (columns 2 and 

6, Table 2.7). The largest decline in agriculture is seen in WA where there is a 3.06 

percentage point reduction. The second and third largest falls are observed in Victoria 

and Queensland respectively, with 0.51 and 0.52 percentage point drops. 

Mining’s shares in regional economies drop in all regions except NSW, WA, and SA 

(columns 3 and 7, Table 2.7). Even though Queensland’s mining value added in 

absolute terms increases by more than two-fold, the share of mining in the regional 

economy falls by 0.40 percentage point. The fastest growth in mining is seen in WA, 

with an 8.61 percentage point increase, followed by NSW with a 0.91 percentage point 

increase. In contrast, the largest contraction in the share of mining is in NT where there 

is an 8.73 percentage point decline. Victoria, on the other hand, suffers a 6.42 

percentage point fall in mining value added. As seen in Table 2.2 (columns 3 and 7), 

mining’s relative importance is either stable or ascending in regions where there are 

substantial deposits of iron ore (WA and SA) and coal (Queensland and NSW). This 

indicates that, between 1990 and 2012, the mining sector began specialising in these 

boom commodities and increasing their activities in regions where those commodities 

are most likely to be found. 

Columns 4 and 8 in Table 2.7 indicate an overall deterioration in manufacturing, as its 

share contracts in all of the Australian regions except NT. Tasmania, the worst hit, with 
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a 10.21 percentage point shrinkage, is followed by Victoria and SA, which lose 7.95 

and 5.82 percentage points respectively. The services sectoral share rises in most of the 

regions; the exception is WA where it shrinks by some four percentage points (columns 

5 and 9, Table 2.7). The biggest increases in the sectoral share of services are seen in 

Victoria and Tasmania with gains of 14.89 and 11.04 percentage points. In contrast, 

growth in NSW’s service sector, 4.73 points, is the slowest amongst the regions where 

services actually grow. 

Figure 2.18 and Table 2.7 illustrate that agriculture declines in most of the regions 

including the most populous regions. Manufacturing contracts in most regions as well. 

Mining is seen to face a heavy decline in most of the non-boom regions while in the 

boom regions it is either stable or gains significantly. The services sector is also 

burgeoning in most of the Australian regions, specifically the non-boom ones. As with 

the national economy, some of the regional economies exhibit some signs of the Dutch 

disease effects. The visual indications, found in Figure 2.17 and Table 2.7, are that the 

burden of Dutch disease may be carried by at least some regional economies of 

Australia. 

 

2.4 Concluding Comments 

In this chapter, two competing theories – ELG hypothesis and Dutch disease – paint a 

contrasting picture of the various effects resource export booms may have in bringing 

about macroeconomic growth and possible declines in some sectors of the Australian 

national and regional economies. 
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At one end, the ELG hypothesis argues that exports, including that of resources, are 

instrumental in bringing about macroeconomic growth. This is observed in the most 

recent mining boom of the early 2000s in Australia, which has resulted in large 

increases in exports of minerals and resources. During this time, the Australian 

economy enjoyed higher than average rates of economic growth. Moreover, this boom 

in mining exports has been disproportionately dispersed across Australia’s regions. The 

regions which benefit the most, the ‘boom states’ are the largest resource exporting and 

also the fastest growing regional economies (see Table 2.4 and Figures 2.8 to 2.10). In 

addition, new-capital going into the mining sector in Australia nationally and in 

Queensland and WA regionally also indicates a mining investment boom (Figure 2.11). 

Moreover, this investment boom is raising the productive capacities of the above 

economies, thereby contributing to future export and economic growth. 

These findings go hand in hand with the intuition behind the ELG hypothesis which 

stipulates exports as a key driver of economic growth. In addition, the regional 

differences observed for economic growth, exports, investment, and imports reflect the 

impacts of differing regional resource endowments. These observations also indicate 

that the ELG experiences by regional economies are likely to be unique because not all 

regions may undergo ELG, even in the presence of a national level ELG. 

The Dutch disease theory contends that a boom in the resources sector (driven by 

exports) can have detrimental impacts on an economy. The non-resource tradable 

sectors in that economy often suffer from wage hikes and real exchange rate 

appreciation. Shortly after the beginning of the 2000s mining boom (see Figure 2.13), 

the wage rate of the mining sector grew faster than that in either of the manufacturing or 

services sectors. There has also been a rapid rise in the Australian real exchange rate in 
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the aftermath of this recent mining boom (Figures 2.15 and 2.16). The real exchange 

rate appears to follow closely with resource prices (Figure 2.15). 

The value added measures by each sector in Figure 2.17 reveals the slow but continued 

decline in agriculture and manufacturing in Australia nationally. Regional level value 

added plots indicate that agriculture and manufacturing may be stagnating or declining 

in most of regional economies in the wake of the 2000s boom (Figure 2.18). The 

services sector is also seen to expand in most of the regions while mining grew only in a 

select few. The data on sectoral shares for the regions in Table 2.7 supports the findings 

from Figures 2.17 and 2.18. 

The observations made above conform to Corden and Neary’s (1982) prognosis of 

Dutch disease, where boom in the resources sector leads to an appreciation of the real 

exchange rate causing deindustrialisation and/or ‘deagriculturalisation’. A similar 

observation, made by Downes et al. (2014), is that “the boom has contributed to a large 

appreciation of the Australian dollar that has weighed on other industries exposed to 

trade, such as manufacturing and agriculture”. Any presence of Dutch disease may also 

affect ELG in Australia: exports except those of mining and fuels, appear to undergo a 

slowdown from the mid-2000s despite the mining boom (Figures 2.4 and 2.7). 

It is apparent that there are possible indications of both ELG and Dutch disease 

occurring in Australia. We find some of Australia’s regions to appear to enjoy economic 

growth, while some show signs of being afflicted by Dutch disease. There is, thus, a 

degree of heterogeneity apparent in the regional economies undergoing either one or 

both of these two contrasting effects of the resource booms in Australia.  
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Appendix A2 

 

The following table contains the top regional export and import items ranked by their 

value in A$m in 2012. Resource exports dominate regional exports in both the boom 

regions of Queensland and WA and the non-boom regions of NSW, Tasmania, and NT. 

Agriculture and manufacturing exports appear to be the main exports of Victoria and 

SA. For imports, manufactured products top the lists in NSW and Victoria. The imports 

baskets are dominated by resource and manufactured goods in other regions. 



59 
 

Table A2.1: Top export and import items by region, 2012 
Region Top Export Items Total Exports 

(A$m ) 
Top Import Items Total 

imports 
(A$m) 

(1) (2) (3) (4) (5) 
NSW Coal, copper ores and concentrates, refined petroleum, 

Aluminium, Medicaments (including veterinary) 
40,535 Medicaments (including veterinary), telecom equipment and 

parts, crude petroleum, passenger motor vehicles, computers 
86,367 

Victoria Wool and other animal hair (including tops), passenger 
motor vehicles, wheat, aluminium, ‘milk, cream, whey and 
yoghurt’ 

21,595 Passenger motor vehicles, crude petroleum, refined petroleum, 
goods vehicles, vehicle parts and accessories 

59,624 

Queensland Coal, beef, copper, other ores and concentrates, cotton 52,899 Crude petroleum, refined petroleum, passenger motor vehicles, 
goods vehicles, civil engineering equipment and parts 

39,815 

SA Wheat, alcoholic beverages, copper, copper ores and 
concentrates, iron ores and concentrates 

11,416 Refined petroleum, passenger motor vehicles, vehicle parts and 
accessories, other ores and concentrates, goods vehicles 

7,261 

WA Iron ores and concentrates, gold, crude petroleum, natural 
gas, wheat 

120,569 Gold, crude petroleum, refined petroleum, civil engineering 
equipment and parts, passenger motor vehicles 

35,082 

Tasmania Zinc, aluminium, iron ores and concentrates, copper ores 
and concentrates, other ores and concentrates 

3,169 ‘Iron, steel, aluminium structures’, refined petroleum, residual 
petroleum products, prefabricated buildings, animal feed 

935 

NT Natural gas, other ores and concentrates, live animals 
(excluding seafood), iron ores and concentrates, pearls and 
gems 

5,282 Natural gas, refined petroleum, passenger motor vehicles, civil 
engineering equipment and parts, Ships and boats (including 
hovercraft) 

4,155 

Source: DFAT (2013). 



60 
 



61 
 

Chapter 3: Literature Review 

 

3.0 Introduction 

This chapter presents a two-part review of the empirical literature on Export-Led 

Growth (ELG) and Dutch disease in two parts. The literature testing the ELG 

hypothesis is vast and can be found for both developed and developing countries alike. 

In order to maintain brevity and coherence of the literature survey, only the empirical 

studies carried out on high-income/developed countries are reviewed. This choice is 

because the primary focus of this thesis is the Australian economy – a developed 

economy. The empirical literature relevant to testing for Dutch disease that results from 

natural resources booms is also reviewed. Studies that test the Dutch disease-like effects 

in developing countries caused by foreign aid, remittances, and Foreign Direct 

Investment (FDI) inflows are not reviewed due to a lack of relevance to this thesis.  

An exhaustive review of the literature then identifies the key research gaps with regard 

to the ELG and Dutch disease literature in Australia. The ELG literature is observed to 

have evolved in terms of the sophistication of model specification and econometric 

methods. The Dutch disease literature has also evolved from mostly qualitative studies 

early on to an increasing number of empirical studies in contemporary times. As with 

the ELG literature, the techniques used to evaluate the Dutch disease also became more 

sophisticated. This literature review, thus, helps in motivating and formulating the 

relevant research questions pertaining to testing the ELG hypothesis and testing for 

Dutch disease in Australia and its regions. 
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Section 3.1 outlines the empirical literature on ELG. Table 3.1 contains a summary of 

the literature relating to developed countries. Section 3.2 contains a survey of the 

literature regarding exchange rate appreciation and Dutch disease. In Table 3.2, a 

summary of the reviewed literature relating to Dutch disease effects is provided. Section 

3.3 identifies the research gaps and relevant research questions in the literature 

regarding ELG and the Dutch disease. Section 3.4 presents the concluding comments of 

the chapter. 

 

3.1 Empirical Literature on Export-Led Growth 

3.1.1. Overview of the ELG literature 

The empirical literature pertaining to ELG is vast and many studies are devoted to 

testing the ELG hypothesis in developing countries. Even though there is a myriad of 

empirical literature testing the ELG hypothesis in both developing and developed 

economies, this literature survey focuses only on the studies carried out on high-income 

countries. In this discussion, ELG studies conducted on OECD member countries and 

other countries with a real per capita GDP of at least US$ 10,000 in 2013 have been 

considered. However, since the regional ELG literature is sparse, we survey all the 

regional studies along with the national level ELG literature for developed countries. 

We present the survey of studies carried out in two parts: studies using time-series 

cointegration and causality techniques are provided in Section 3.1.2 while Section 3.1.3 

enlists the ELG literature carried out with panel data regression methods. 

The early ELG literature in developed/high-income countries makes use of the 

cointegration tests and causality tests in the Error Correction Models (ECMs) based on 
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the Engle-Granger two-step approach. Most studies using the Engle-Granger approach 

also carry out bivariate analysis between GDP (or a suitable proxy) and exports. 

However, later studies incorporate more variables into their models. 

In this literature survey, we find the Johansen (1991) cointegration to be the most 

common method used to test the ELG hypothesis in developed/high income countries. 

Unlike the Engle-Granger approach, the Johansen test can identify more than one 

cointegrating equations, which is helpful in applying more generally. However, the 

Johansen test requires all model variables to be non-stationary in level form, and needs 

large sample sizes, for its results to be reliable. Similar to the studies employing the 

Engle-Granger test, many of the earlier studies using the Johansen technique carry out 

bivariate analysis using GDP and exports data. Similarly, the later studies employing 

the Johansen test also exhibit increasing sophistication in their models. In addition, 

some of the later studies make use of sophisticated Granger causality tests. 

The other class of studies are, for the most part, more sophisticated in model 

specification, as most include additional control variables. In addition, these studies 

feature use of more sophisticated estimation techniques. Some of these new techniques 

are useful in overcoming data issues while others allow examining non-linear dynamics 

between model variables. 

The ELG literature regarding high income economies has evolved over time. Many of 

the earlier studies are bivariate cointegration and causality tests between real values of 

GDP and exports. However, some studies, such as Marin (1992) and Bodman (1996), 

use labour productivity as a proxy for economic growth. This novel technique captures 

the productivity improving impact of exports. Others including Siliverstovs and Herzer 
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(2006) use non-export GDP (GDP minus exports) to capture the externality effects of 

exports on other sectors of the economy. 

The later ELG studies also tend to include control variables such as capital, labour 

force, imports, exchange rate, and terms of trade. However, in some studies like Fountas 

(2000) and Awokuse (2003), addition of control variables, industrial production index 

and foreign output shock respectively, have been arbitrary. Use of more sophisticated 

estimation techniques, which are better able to control for data issues than either Engle-

Granger or Johansen tests, is also common in the more recent studies. Many of these 

newer techniques are seen to be more likely to reject the ELG hypothesis. 

Overall, the ELG studies produce mixed results as there are contradictory results for the 

same country. There is no uniform pattern regarding detecting or rejecting ELG in the 

reviewed countries. The ELG literature with regard to Australia also cannot reach 

consensus. In addition, most Australian ELG studies are carried out in the 1990s which 

do not contain data on the mining boom of the early 2000s. Furthermore, it can also be 

observed that studies that use historical (very long time series) data are more likely to 

reject the ELG hypothesis. 

This survey of the literature also identifies that there are only three studies that look for 

ELG using regional level data. There is no published study analysing the ELG 

hypothesis for Australian regions. This is a major gap in the literature, as the role of 

export in influencing growth paths regional economies in Australia remains untested. 
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3.1.2. Studies using time-series data 

Cointegration and Causality Tests 

The most popular approach to testing the ELG hypothesis is testing for cointegration 

and Granger causality using time-series data. The early studies used simpler techniques 

such as the Engle-Granger cointegration test; the sophistication of econometric 

techniques used in later studies evolved over time. In addition, some of the early ELG 

models included only two variables: GDP or another proxy and exports. Here too, the 

models are observed to evolve with added control variables.  

One of the first bivariate time-series studies include Giles et al. (1992) who test for 

ELG in New Zealand using exports data from seven categories between 1963 and 1991. 

The data are used both in level form and in growth rates form to test the ELG 

hypothesis. This bivariate ELG analysis is carried out by testing for cointegration using 

the Engle-Granger (1987) approach and testing for direction of causality using the 

Granger causality test in a Vector Autoregressive (VAR) framework. Giles et al. (1992) 

note that the empirical results reveal mixed support for the ELG hypothesis in New 

Zealand. The study fails to detect ELG at the aggregate level. However, the results 

obtained using the growth rates of disaggregated exports and GDP show evidence in 

favour of minerals, chemicals and plastic materials, metal and metal products, and (to a 

lesser degree) live animals exports causing growth in New Zealand. When GDP and 

disaggregated exports data are used in level form, the former is seen to be caused by 

exports of manufactured goods, and of meat and live animals. 

A virtually identical econometric approach is taken by Paul and Chowdhury (1995) and 

Doraisami (1996) for Australia and Malaysia respectively. Paul and Chowdhury (1995) 

test for ELG using Australian GDP and exports data between 1949 and 1991. Their tests 
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for cointegration between exports and GDP are met with failure. They also carry out 

Granger causality tests on GDP and exports, finding evidence of exports Granger 

causing GDP. Thus, a short-run ELG is observed in Australia. On the other hand, 

Doraisami (1996) carries out their ELG analysis using Malaysia’s real exports and GDP 

to test for cointegration and Granger causality. The cointegration tests confirm a 

cointegrating relationship between exports and GDP. Granger causality tests based on 

ECM that are carried out as well indicate bidirectional causality between output and 

exports. Thus, the ELG hypothesis is rejected in Doraisami’s (1996) bivariate study. 

An improvement on the Engle-Granger cointegration test is the Johansen test, as it is 

able to capture the presence of more than one cointegrating relationship in a model. The 

first study to test for ELG using the Johansen test in high income/developed countries is 

that of Oxley (1993). Using historical data from 1865 to 1985 Oxley (1993) tests 

whether Portugal enjoys an ELG. A bivariate model comprising real GDP and exports is 

tested for cointegration using the Johansen cointegration test and found to be 

cointegrated. Subsequently, the direction of causality is verified using Granger causality 

test in Vector ECM with an appropriate Error Correction Term (ECT). The ELG 

hypothesis is not supported by Oxley’s (1993) tests, as causality is seen to run from 

GDP to exports. 

Another set of ELG papers focus on the impact of exports on labour productivity. This 

use of labour productivity is a novel approach as it directly detects the productivity 

enhancing effect of exports. Marin (1992) tests Germany, UK, US, and Japan for ELG 

using an Engle-Granger cointegration and Granger causality test approach. The results 

from this study are clear-cut – labour productivity is Granger caused by exports. A long-

run positive relationship between the terms of trade and productivity is also found. This 
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could be explained by the exit of low-productivity firms and by economies of scale in 

production. Marin (1992) concludes that the productivity of an industry depends on the 

size of the world market, not just the domestic market. 

Bodman (1996) uses a similar approach to examine the role of export in driving 

economic growth in Australia and Canada. They carry out Johansen cointegration test 

on their bivariate model, which consists of labour productivity and exports from 1960 to 

1995. Labour productivity and manufactured/total exports are found to be cointegrated, 

validating the ELG hypothesis for what the author describes as “the small, open” 

Australian and Canadian economies. They also use the two-variable VECMs to 

determine any causation between labour productivity and exports growth. These results 

are in line with those of the cointegration test and they reveal that causality runs from 

exports to labour productivity. However, in Canada, labour productivity seems to 

influence a small, positive change in manufactured exports. As Bodman (1996) 

concludes, this is proof that Australia and Canada exhibit ELG. 

The bivariate ELG models are succeeded by multivariate models which feature 

additional variables to control for other macroeconomic effects. Ghatak et al. (1997) re-

examine the ELG hypothesis in Malaysia using a multitude of bivariate and multivariate 

models. The model variables include real GDP, non-export real GDP, real exports, 

physical capital, human capital, real export of manufactured products, fuel exports, 

export of non-fuel primary products. The study tests the effect of disaggregated exports 

along with that of aggregate exports on GDP. The methodology used in their study 

includes the Engle-Granger cointegration and Granger causality tests. However, Ghatak 

et al. (1997) also run Ordinary Least Squares (OLS) regressions on the above models. 

For the aggregate data analysis, cointegrating relationships between exports and GDP 
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and between exports and non-export GDP are found. Moreover, exports are seen to 

Granger cause both GDP and non-export GDP. When exports data are disaggregated, 

joint cointegration among the variables in equations is observed. An ECM is run to test 

for direction of causality and the right hand side variables are seen to Granger cause real 

GDP. Ghatak et al. (1997) conclude that manufacturing is an engine of Malaysian 

economic growth and that the evidence for ELG was largely due to the importance of 

non-traditional exports. However, some traditional exports (non-fuel primary exports) 

are observed to have a significant, negative, causal effect on output. Thus, the ELG 

hypothesis is confirmed for aggregate as well as non-traditional exports in Malaysia. 

This multivariate analysis contradicts the negative results obtained by the bivariate 

study of Doraisami (1996). 

The study of ELG in Malaysia by Khalafalla and Webb (2001) is similar to that by 

Ghatak et al. (1997) in which the effects of disaggregated exports on GDP are studied. 

The variables considered include real GDP, total exports, total imports, primary 

commodities exports, and manufactures exports. The dataset contains quarterly12 data 

from 1965:Q1 to 1996:Q4. Unlike Ghatak et al. (1997), Khalafalla and Webb (2001) do 

not incorporate either physical or human capital in their models. In terms of 

methodology, Khalafalla and Webb (2001) test for ELG using the Johansen 

cointegration and Granger causality test in VAR. The results obtained in this study are 

interesting as GDP, total exports, and total imports are cointegrated during the entire 

period of study (1965:Q1- 1996:Q4). Granger causality tests also confirm ELG during 

that period. However, during the sub-period of 1981:Q1- 1996:Q4 it is found that GDP 

causes exports and that imports cause GDP. In addition, primary exports are seen to 

                                                 
12 The four quarters in each calendar year include March (Q1), June (Q2), September (Q3), and December 
(Q4). 
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have a stronger direct impact on economic growth than manufacturing exports. 

Khalafalla and Webb (2001) note that this appears as a paradox as the ELG hypothesis 

is at its “weakest” during the time of export promotion and expansion in Malaysia. 

Although this study was conducted on Malaysia, it indicates the importance of resource 

exports in driving ELG. These results are interesting and may be relevant to the case of 

Australia, whose exports are dominated by resources. As such, it provides the 

motivation to conduct tests for ELG to show which export sectors are instrumental in 

bringing about ELG in Australia. 

Fountas (2000) performs tests for ELG on Ireland using two different data spans: the 

former comprising annual data from 1950 to 1990 and the latter including monthly data 

from January 1981 to September 1994. The three-variable VAR model used for Engle-

Granger cointegration and Granger causality tests includes GDP, exports, and the 

industrial production index. This dual assessment reveals contrasting results as Fountas 

(2000) finds ELG to not hold in the tests involving annual data from 1950-90. 

Conversely, exports are found to be Granger causing GDP when they perform tests 

using monthly data from 1981 to 1994. Fountas (2000) argues that the export promoting 

policies during the latter period allowed Ireland to enjoy an ELG. 

Jin’s (2002) paper is one of the few studies which tests the ELG hypothesis at a regional 

level in a particular country. The author tests for ELG in the four largest provinces of 

South Korea – Seoul, Kyunggee, Kyungnam, and Pusan. The data used in this study 

includes monthly real industrial production as a proxy for provincial output, real 

provincial exports of goods, terms of trade, and national output for the period starting 

from January 1987 to July 1996. Modified Engle-Granger cointegration tests, carried 

out on both bivariate and multivariate models, fail to detect cointegration. However, in 
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the bivariate model, a one-way or two-way causality is found from exports to provincial 

output depending on the lag lengths used. In contrast, the multivariate models find a 

two-way causation between output and exports in two (Seoul and Kyungnam) of the 

four provinces only. Jin (2002) observes that exports play a vital role in Korea’s 

provincial economic growth. This highlights the importance of a regional level analysis 

of ELG as it reveals that the ELG experience is not uniform across all the regions of a 

particular country. 

Unlike Oxley (1993), Ramos (2001) tests for ELG in Portugal in a trivariate model 

using historical data from 1865 to 1998. The Johansen cointegration and Granger 

causality tests within a trivariate VAR/ECM specification are used to tests the ELG 

hypothesis in Portugal. The three model variables include real GDP, exports, and 

imports. This trivariate VAR model is comparable to that of Khalafalla and Webb 

(2001). Like Oxley (1993), Ramos (2001) concludes that there is no ELG in Portugal 

since there is dual causation between exports and output growth. Dual causation is also 

seen between imports and output growth while no causality runs between exports and 

imports. Consequently, contrary to Oxley (1993), Ramos (2001) shows that the Portugal 

economy has historically not experienced export-led growth and that it was growth that 

improved competitiveness of exports. Ramos (2001) argues that this is a probable 

indication of a dual economy in which there is very little interaction between the export 

and non-export sectors. 

A trivariate ELG analysis is carried out on Canada by Henriques and Sadorsky (1996). 

Unlike Bodman (1996), the sample period in this case is much longer as it ranges 

between 1870 and 1991. The three variables include real GDP and exports as proxies 

for economic and exports growth and real Canadian terms of trade as a control variable. 
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This is in contrast with Bodman (1996), who uses labour productivity as a proxy for 

economic growth. The econometric methodology used here includes Johansen 

cointegration tests, VAR analysis, and Granger causality tests. However, Henriques and 

Sadorsky (1996) fail to see any ground for ELG to exist in Canada. Furthermore, 

Granger-causality test reveals one-way causality running from GDP to exports – a sign 

of GLE. Thus, Henriques and Sadorsky (1996) refute the findings of Bodman (1996) 

despite using virtually identical methodologies. This difference in the results may be 

due to the longer time frame used by Henriques and Sadorsky (1996), as well as the 

inclusion of a control variable in this study. 

On the other hand, a later multivariate study on Canada by Awokuse (2003) is able to 

find evidence of ELG in Canada. This study uses quarterly data on GDP growth, export 

growth, terms of trade, labour, capital, and foreign output shock ranging from 1961:Q1 

to 2000:Q4. The test for cointegration involves the Johansen test. However, Awokuse 

uses both the Granger causality test in ECM and the Toda-Yamamoto Granger 

Causality test to determine the direction of causality in level VAR. Cointegration tests 

confirm the presence of at most one cointegrating vector in this system. Awokuse 

(2003) also finds unidirectional causality running from real exports to real GDP. This is 

in agreement with the findings of Bodman (1996), who uses data from a period similar 

to Awokuse (2003). A comparison of the three studies by Bodman (1996), Henriques 

and Sadorsky (1996), and Awokuse (2003) shows that ELG in Canada was present in 

the latter half of the 1900s. According to Awokuse (2003), this is due to the improved 

international market access by Canada and a depreciation of its currency. 

An analysis of the situation in Greece by Panas and Vamvoukas (2002) is unable to 

come up with any basis for ELG. Their study employs bivariate VAR, which includes 
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real Gross National Product (GNP) and exports of Greece. Johansen cointegration tests 

show that exports and GNP have a long-run relationship. The ECMs developed for the 

Granger causality test include ECTs and additional variables, such as nominal effective 

exchange rate and price level that act as determinants of exports and GNP in the 

Granger causality tests. However, Granger causality tests show that GNP has a 

“powerful” long-run causal effect on exports. In conclusion, the ELG hypothesis is 

rejected in Greece in favour of GLE. Panas and Vamvoukas (2002) explain that this is 

due, in most part, to exports contributing a miniscule share of GDP in Greece. 

The ELG hypothesis examined in Spain by Balaguer and Cantavella-Jordá (2004) 

allows for a structural change between 1961 and 2000. The variables here include GDP, 

exports, and export composition. Export composition serves as a proxy for structural 

change and is calculated by dividing the value of consumption good, semi-

manufactures, and capital goods exports each by total exports. The methodologies 

employed include the Johansen cointegration and Granger-causality tests. Results 

indicate a two-way causal relationship between aggregate exports and real output. 

Balaguer and Cantavella-Jordá (2004) conclude that exports are a determinant factor for 

Spain’s real output and that change in export composition played a crucial role in 

economic development of Spain. This is an important finding as it underscores the 

importance of export composition in bringing about growth in an economy. Balaguer 

and Cantavella-Jordá (2004) note that higher value added manufactured goods grew in 

importance while that of primary exports declined. They argue that this has been 

possible because resources have been allocated to more competitive sectors as a result 

of international trade. According to the authors, this was pivotal in driving ELG in 

Spain. 
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Proof for ELG is found in Chile by Herzer et al. (2006) whose dataset comprises annual 

data ranging from 1960 to 2001 for a Cobb-Douglas (1928) derived model. The 

variables in this model include real non-export GDP, capital stock, total number of 

people employed each year, exports of manufactured goods, exports of primary 

products, and imports of capital goods. Various econometric techniques like the 

Johansen cointegration test, the Full Information Maximum Likelihood (FIML) 

cointegration approach, the Dynamic OLS (DOLS), and Granger causality in 

VAR/VECM are used in this analysis. Here, capital stock, capital goods imports, 

exports of manufactured products and primary products are endogenous in the model. 

Herzer et al. (2006) note that a long-run relationship is present between capital, labour, 

capital goods imports, manufactured exports, primary exports and non-export GDP. In 

addition, long-run Granger-causality runs from capital stock, aggregate employment, 

capital goods imports, exports of manufactured products and primary products to non-

export GDP. However, primary-product exports are found to have a statistically 

negative impact on non-export GDP. Nevertheless, the ELG hypothesis in Chile is 

validated in this study. This study, unlike those of Giles et al. (1992) and Khalafalla and 

Webb (2001), shows that primary (resource) exports can have a negative impact on an 

economy’s growth. This finding provides basis for the claim that resource can spur 

aggregate output growth but can also have adverse impacts on the wider economy. 

Ljungwall’s (2006) study is noteworthy in that it uses province-specific (regional) 

aggregate output/income, exports, and imports from 1978 to 2001 to identify the impact 

of exports on the output of different regions of China. The Johansen cointegration test 

and the causality test in ECM are used to analyse the ELG hypothesis in China’s 

regions. Estimated results show evidence of regional ELG in 13 of 27 Chinese 
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provinces. Of these 13 provinces, only two belong to the western region, as opposed to 

six belonging to the eastern and five to the central region. This concentration of ELG in 

the eastern parts of China is also documented by Sun and Parikh (2001) using a panel 

simultaneous equations model (discussed in the next section). 

Lastly, Ozturk and Acaravci’s (2010) ELG study is carried out for Turkey using 

quarterly data from 1986 to 2006. The model used in this study involves GDP, exports, 

terms of trade, and industrial production index. The Johansen cointegration test is used 

to test for cointegration, while both the Granger causality test in ECM and the Toda-

Yamamoto Granger causality test are used to test for direction of causality in the model. 

Empirical results show that causality runs from exports to GDP, proving ELG in 

Turkey. Granger causality tests in ECM also show that there is a short-run ELG in 

Turkey. 

Other Time-Series Techniques 

In this section, we review the literature that uses techniques other than the combination 

of cointegration and causality tests. Many of these techniques are more recent and 

sophisticated compared to the Engle-Granger and Johansen cointegration tests. 

Firstly, the role of FDI in catalysing growth in Ireland is examined by O'Sullivan 

(1993). Using annual data from 1960 to 1978, a simultaneous equations model 

involving the Two Stage Least Squares (2SLS) regressions is estimated. The empirical 

results from O’Sullivan’s (1993) study indicate that Ireland’s rate of real GNP growth 

of about four percent during the 1960 to 1980 period is double that achieved during the 

1950s. This shows that Ireland enjoys a higher GNP growth via ELG. Here, FDI is 

found to be facilitating improvements in productive capacity and exports.  However, 

O’Sullivan (1993) warns that foreign firms may not generate the expected number of 
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jobs, and that a large share of their inputs is imported. In addition, foreign firms are 

likely to repatriate a very large portion of their earnings and are also likely to leave a 

country when conditions are more attractive elsewhere. 

Boltho (1996) assesses the GDP and export growth situation in Japan. Growth rates of 

GDP and exports are used in the bivariate Granger causality tests. Analysis of demand 

versus supply shifts, foreign market growth, and level of the real exchange rate are also 

included in this study. It is found that long-run economic growth is indeed caused by 

domestic demand and not foreign demand. This contradicts previous detection of ELG 

by Marin (1992). Nevertheless, Boltho (1996) concludes that exports may have helped 

lift the aggregate demand during periods of slowdown and/or recessions. 

Shan and Sun (1998) make use of the Toda-Yamamoto (1995) Granger causality test to 

find evidence for ELG in Australia. Manufacturing output is used as a proxy for GDP in 

addition to capital, labour and import growths in their model. The Toda-Yamamoto 

(1995) method places little importance on the order of integration of and cointegration 

between the variables in the model. Unlike Paul and Chowdhury (1995) and Bodman 

(1996), Shan and Sun (1998) do not find any evidence for ELG in Australia. Moreover, 

they find one-way causality running from manufacturing output growth to export 

growth, indicating GLE. 

Glasure and Lee (1999) explore the ELG hypothesis in Korea using five-variable VAR 

variance decomposition and VECMs for data from 1971:Q1 to 1994:Q4. The five model 

variables include real GDP as the dependent variable, and the real exchange rate, real 

government spending (a proxy for government activities), real money supply, and real 

exports as the independent variables. Empirical results of the VECMs show 

bidirectional causality between export growth and economic growth. In addition, when 
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variance decompositions are considered, the real exchange rate is found to contain most 

of the information regarding future fluctuations in economic growth and export growth. 

As a result, the ELG hypothesis is validated in this study, but Glasure and Lee (1999) 

note that omitted variables may have masked or overstated the effect of exports on 

income or income on exports in prior studies. 

Moosa (1999) analyses ELG in Australia using a complex method of structural time 

series analysis. This study uses long annual time-series data on GDP and exports 

spanning from 1900 to 1993. This complex structural time series analysis model 

produces results that are consistent with Shan and Sun (1998) and does not find the 

ELG hypothesis to hold for Australia. This study is important as it contradicts the 

positive findings obtained by Paul and Chowdhury (1995) and Bodman (1996) using 

earlier and simpler techniques. As seen earlier for other countries, use of historical data 

is more likely to result in rejection of the ELG hypothesis. This may also be the case for 

Moosa (1999) who uses historical Australia data which Paul and Chowdhury (1995) and 

Bodman (1996), and even Shan and Sun (1998) do not. 

Hatemi-J and Irandoust (2000) conduct their study of ELG in Greece, Ireland, Mexico, 

Portugal, and Turkey. They use a bivariate VAR system using annual data spanning 

from 1960 to 1997 to perform the Toda-Yamamoto Granger causality test. The 

conclusion from this analysis is that exports have a unidirectional influence on GDP in 

Ireland and Mexico. A unidirectional causality running from GDP to exports in Portugal 

is also found. The situation in Greece and Turkey is seen to be contrary to the ELG 

hypothesis. Thus, the results show that cross-country studies provide mixed results for 

the ELG hypothesis. These results, obtained by Hatemi-J and Irandoust (2000) for 

Ireland, contradict that of Fountas (2000) but are similar to those of Panas and 
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Vamvoukas (2002) who do not find ELG in Greece. The difference in results may be 

due to use of the more recent Toda-Yamamoto Granger causality test in Hatemi-J and 

Irandoust (2000). 

Using augmented Granger causality tests, Hatemi-J (2002) tests the ELG hypothesis in 

Japan for the period from 1966:Q1 to 1999:Q1. This augmented Granger causality test 

is based on the bootstrap simulation technique. The estimated results show that there is 

bidirectional causation between economic growth and exports growth. Hatemi-J (2002) 

conclude that the “expansion of exports is an integral part of the economic growth 

process in Japan.” They also suggest lowering of international trade barriers as there is 

bidirectional causality economic growth and exports growth. 

Further evidence for ELG in Chile is given by Siliverstovs and Herzer (2006) using the 

Toda-Yamamoto Granger causality test. Their model is virtually identical to that of 

Herzer et al. (2006) and, as a result, includes the variables non-export GDP, real capital 

stock, total number of people employed each year, real exports of manufactured goods, 

real exports of primary products, and real imports of capital goods. The conclusions 

made by Siliverstovs and Herzer (2006) are similar to those of Herzer et al. (2006), as 

one-way causation is observed to run from manufactured exports to GDP net of exports, 

while primary exports fail to have any favourable impact on growth. 

Awokuse and Christopoulos (2009) “re-examine” five industrialised countries using 

non-linear bivariate Smooth Transition Autoregressive (STAR) models. STAR models 

can account for any regime change or non-linearity in the relationship between two data 

series. Their dataset consists of quarterly real GDP growth and exports data from 

Canada, Italy, Japan, UK, and USA for the period from 1960:Q1 to 2005:Q3. Empirical 

results from Awokuse and Christopoulos (2009) indicate that the relationship between 
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growth and exports is non-linear. Non-linear Granger causality tests support ELG in 

Italy, UK, and USA while GLE is seen in Japan but neither ELG nor GLE is observed 

in Canada. These results for UK and USA are similar to those obtained by Marin 

(1992), who detects ELG in these countries. However, Awokuse and Christopoulos 

(2009) observe a lack of ELG in Japan and support the findings of Boltho (1996) but 

contradict that of Marin (1992) and Hatemi-J (2002). Likewise, the results for Canada 

refute those of Bodman (1996) and Awokuse (2003) but those of support Henriques and 

Sadorsky (1996). 

Mahadevan (2009) conduct an ELG analysis on Singapore between 1974 and 2004. 

Mahadevan tests Singapore’s GDP, exports, and imports using the Johansen 

cointegration test and the Toda-Yamamoto (1995) Granger causality test to detect the 

direction of causation. In addition, GDP is replaced with labour productivity and total 

factor productivity. This approach is somewhat similar to that used in Marin (1992) and 

Bodman (1996). Support for ELG is observed, as exports are seen to cause GDP. 

Results also show labour productivity and total factor productivity to Granger cause 

exports. 

Balcilar and Ozdemir (2013) take a novel approach of testing time-varying Granger 

causality between GDP and exports in Japan. Their dataset contains quarterly data 

between 1957:Q1 and 2009:Q1, while the employed methodology includes full sample-

modified Granger causality tests based on the bootstrap and bootstrap rolling window 

estimations. The bootstrap Granger causality test can be applied irrespective of whether 

the data is integrated or cointegrated. The estimated results indicate a bi-directional 

causality between Japanese exports and real GDP. However, parameter stability tests do 

not find these results to be uniform for different sample periods, which is likely to be a 
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result of structural changes. Furthermore, the bootstrap rolling window estimations find 

a positive bi-directional predictive power from the mid-1970s to the late-1980s between 

the series. However, from the late 1990s to 2009, the positive predictive power is from 

export growth to output growth only. Overall, Balcilar and Ozdemir (2013) find the 

ELG hypothesis to hold in Japan, subject to structural changes. Thus, it can be found 

that the ELG literature on Japan is divided as Boltho (1996) and Awokuse and 

Christopoulos (2009) reject ELG while Marin (1992), Hatemi-J (2002), and Balcilar and 

Ozdemir (2013) detect ELG. 

3.1.3. Studies using panel data 

Panel ELG studies carried out on high-income countries are rare with only one 

identified study: Cuaresma and Wörz (2005). However, the first study to test the ELG 

hypothesis on regional (within-country) level uses a panel dataset: Sun and Parikh 

(2001). Our survey first looks at Sun and Parikh (2001), who find support for the 

presence of ELG in China’s different regions using an augmented Feder (1983) model. 

Data from 29 Chinese provinces over a time span of 1985 to 1995 are used to form a 

panel to estimate equation (3.1) on its own. The regions are further grouped into three 

broad regions – Eastern, Central and Western – for use in simultaneous equation models 

(equations 3.1 and 3.2). Their estimation process involves the following simultaneous 

equation model: 

𝐺𝑅𝑅𝐺𝐷𝑃 = 𝑎0 + 𝑎1𝐼𝑁𝑉𝐺𝐷𝑃 + 𝑎2𝐹𝐷𝐼𝐺𝐷𝑃 + 𝑎3 (
𝑋

𝑋

𝑋

𝑌
)      (3.1) 

𝑍𝐸𝑋 =
𝑋

𝑋

𝑋

𝑌
= 𝑏0 + 𝑏1𝐺𝑅𝑅𝐺𝐷𝑃 + 𝑏2𝑅𝐸𝐺𝐼𝑂𝑁1 + 𝑏3𝑅𝐸𝐺𝐼𝑂𝑁2     (3.2) 
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where, GRRGDP is the growth rate of real GDP, INVGDP is the investment-GDP ratio, 

FDIGDP is the FDI to GDP ratio, and 𝑍𝐸𝑋 = ((𝑋 𝑋⁄ )(𝑋 𝑌⁄ )) is the growth rate of 

exports × share of exports in GDP, export growth × share of non-exports (GEXP) and 

regional dummies (REGION1 and REGION2). Furthermore, the variable ZEX is 

substituted with GEXP to estimate those simultaneous equations. Sun and Parikh (2001) 

conclude that exports positively impact upon growth in two of the three regions – 

Eastern and Central – supporting presence of ELG in these regions. These findings are 

backed up by a later study by Ljungwall (2006) (see previous section). 

Cuaresma and Wörz (2005) extend Feder’s (1983) ELG model to study the differing 

effects of disaggregated exports on GDP growth. Exports are considered a summation 

of three different industry sectors: 𝑋(𝑡) = ∑ 𝑋𝑘(𝑡)3
𝑘=1 . These three export sectors are an 

aggregation of 33 subsectors. Cuaresma and Wörz’s (2005) sample includes 45 

countries that are completely heterogeneous encompassing all industrialised countries 

and many developing countries. The period of study was between 1981 and 1997. The 

following two models are used to estimate the relationship between growth rates of 

exports and GDP: 

∆𝑌𝑖𝑡

𝑌𝑖𝑡
= 𝛼 + 𝛽

∆𝐾𝑖𝑡

𝑌𝑖𝑡
+ 𝛾

∆𝐿𝑖𝑡

𝐿𝑖𝑡
+ ∑ 𝜑𝑘

∆𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡

𝑌𝑖𝑡

3

𝑘=1

+ 휀𝑖𝑡 (3.3) 

 

𝛥𝑌𝑖𝑡

𝑌𝑖𝑡
= 𝛼 + 𝛽

𝛥𝐾𝑖𝑡

𝑌𝑖𝑡
+ 𝛾

𝛥𝐿𝑖𝑡

𝐿𝑖𝑡
+ ∑ 𝜌𝑘

𝛥𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡
(1 −

∑ 𝑋𝑘,𝑖𝑡𝑘

𝑌𝑖𝑡
)

3

𝑘=1

+ ∑ 𝜋𝑘

𝛥𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡

𝑌𝑖𝑡

3

𝑘=1

+ 휀𝑖𝑡

 (3.4) 
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where, (∆Yit/Yit), (∆Lit/Lit), and (∆Xk,it/Xk,it) represent growth rates of GDP, labour force, 

and export sector k respectively. In contrast, ∆𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡

𝑋𝑘,𝑖𝑡

𝑌𝑖𝑡
 is the ‘weighted’ growth rate of 

export sector k and (∆Kit/Yit) represents investment as a ratio of GDP. Equation (3.3) is 

used to test the effect of different export industries on output growth and is similar to 

the equation (3.1) used by Sun and Parikh (2001). However, in equation (3.3) here, 

labour force growth rate (∆Lit/Lit) is used and not FDI as a ratio of GDP (FDIGDP), as 

used in equation (3.1). Equation (3.4) is used to determine the externality effects of 

different export industries on the non-export sector and also to measure the productivity 

differential between export and non-export sectors. 

Cuaresma and Wörz (2005) run Generalised Least Squares (GLS) and Error 

Components Two Stage Least Squares (EC2SLS) regressions on their panel of 45 

countries. In EC2SLS regressions, the authors instrument for investment and all export 

sectors. Results indicate that the productivity level in the export sector is higher than in 

the non-export sector. Positive externalities of the high-tech exports sector, including 

learning effects are generally not found to determine the better growth performance of 

that export sector. Furthermore, results show that there are qualitative differences 

between high- and low-tech exports with respect to output growth. However, Cuaresma 

and Wörz (2005) do not find all export industries to have differential productivity to 

that of the non-export sectors. The conclusion from this study is that openness generally 

leads to better resource allocation and that open economies benefit from an efficient 

export sector. Thus, the ELG hypothesis is confirmed in the Cuaresma and Wörz (2005) 

study.
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Table 3.1: Summary of empirical literature on ELG – Developed/High-Income country and regional Studies 
Author Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Giles et al. 
(1992) 

New Zealand 1963-1991 Engle-Granger 
cointegration test, 
Granger causality test 

GDP, aggregate exports, seven 
export categories 

ELG rejected at the aggregate level; using 
growth rates evidence in favour of ELG 
caused by minerals, chemicals and plastic 
materials, metal and metal products and 
(to a lesser degree) live animals exports; 
using data in level form, ELG is seen to 
be caused by exports of manufactured 
goods, and of meat and live animals 
 

Marin (1992) US, Japan, UK, 
Germany 

1960-1987 Engle-Granger 
cointegration test, 
Granger-causality test 

Export of manufacturing goods, 
labour productivity, terms of 
trade, OECD output at constant 
prices 

Evidence for ELG; labour productivity is 
Granger caused by exports; positive long-
run relationship between terms of trade 
and productivity; significant causal link 
from terms of trade to productivity in the 
US and UK 
 

O'Sullivan 
(1993) 

Ireland 1960-1978 2SLS GDP, FDI, exports, imports 
exchange rate, capital stock, 
labour force ratio, and many 
others 
 

Support for ELG in Ireland; however, 
costs to Irish economy brought about by 
FDI may be higher than benefits 

Oxley (1993) Portugal 1865-1985 Johansen 
cointegration tests, 
Granger-causality test 
 

Real GDP and real exports No support for ELG as reverse causality is 
seen from GDP to exports 

Paul and 
Chowdhury 
(1995) 

Australia 1949-1991 Engle-Granger 
cointegration test, 
Granger-causality test 
 

GDP and exports Exports and GDP do not cointegrate but 
Granger causality runs from export 
growth to GDP growth; short-run ELG 

Henriques and Canada 1870-1991 Johansen Real GDP, real exports, and real No evidence of ELG; one-way Granger 
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Table 3.1: Summary of empirical literature on ELG – Developed/High-Income country and regional Studies 
Author Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Sadorsky 
(1996) 

cointegration test, 
Granger causality test 

terms of trade causal relationship exists in Canada 
whereby changes in GDP precede changes 
in export 
 

Bodman (1996) Australia, Canada 1960-1995 Johansen 
cointegration test, 
Granger causality test 

Labour productivity, exports of 
manufactured goods, total 
exported goods and services, total 
labour productivity 
 

Evidence of ELG in labour productivity 

Boltho (1996) Japan 1913-1937, 
1952-1990 

Granger causality 
test, demand versus 
supply shifts 

GDP growth, export growth, 
foreign market growth, level of 
real exchange rate 
 

Evidence against ELG; growth was 
largely domestic driven 

Doraisami 
(1996) 

Malaysia 1963-1993 Engle-Granger 
cointegration tests, 
ECM, Granger-
causality 

Real exports and real GDP No evidence of ELG – bi-directional 
relationship between output and exports; 
however, a positive long-run relationship 
exists between exports and growth 
 

Ghatak et al. 
(1997) 

Malaysia 1955-1990 OLS, Engle-Granger 
cointegration test, 
Granger-causality test 

Real GDP, non-export real GDP, 
real exports, physical capital, 
human capital, real export of 
manufactured products, fuel, and 
non-fuel primary products 

Evidence of ELG – for aggregate exports; 
significant negative, causal effect for 
some traditional exports (non-fuel 
primary exports); manufactured exports 
are shown to be an engine for growth 
 

Shan and Sun 
(1998) 

Australia 1978-1996 Toda-Yamamoto 
causality test 

Real growth of manufacturing 
output, growth of total persons 
employed, growth of imports and 
exports, growth of gross fixed 
capital expenditure 
 

No evidence of ELG; one-way Granger 
causality running from manufacturing 
growth to export growth – manufacturing 
growth-led export growth 
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Table 3.1: Summary of empirical literature on ELG – Developed/High-Income country and regional Studies 
Author Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Glasure and 
Lee (1999) 

Korea 1973:Q1- 
1994:Q4 

VAR variance 
decomposition, 
VECM 

GDP, real exchange rate, real 
government spending, real money 
supply, real exports 

Support for ELG; omitted variables may 
have masked or overstated the effect of 
exports on income or income on exports 
in prior studies 
 

Moosa (1999) Australia 1900-1993 Structural time series 
analysis 

GDP, exports, imports No evidence of ELG; no evidence of any 
short-run or long-run relationship between 
growth and exports 
 

Fountas (2000) Ireland 1950-90, 
Jan-1981 to 
Sep-94 

Engle-Granger 
cointegration test, 
Granger causality test 

Real GDP, exports, and industrial 
production index 

No evidence of ELG during 1950 and 
1990; evidence for ELG between 1981 
and 1994; Granger causality runs from 
exports to output 
 

Hatemi-J and 
Irandoust 
(2000) 

Greece, Ireland, 
Mexico, Portugal, 
and Turkey 

1960-1997 Toda-Yamamoto 
causality test 

GDP and exports No evidence of ELG in Greece and 
Turkey; unidirectional causality running 
from export growth to economic growth 
(ELG) in Ireland and Mexico; 
unidirectional causality running from 
economic growth to export growth (GLE) 
in Portugal 
 

Khalafalla and 
Webb (2001) 

Malaysia 1965-1996 Johansen 
cointegration test, 
Granger-causality test 

Real GDP, real total exports, real 
total imports, real primary 
commodities exports, real 
manufactures exports 
 

Evidence of ELG between 1965-1996; 
growth causing export from 1981-1996 

Ramos (2001) Portugal 1865-1998 Johansen 
cointegration test, 
Granger causality test 

Real GDP, real exports, and real 
imports 

No evidence of ELG – feedback between 
exports-output growth and import-output 
growth; no causality between export and 
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Table 3.1: Summary of empirical literature on ELG – Developed/High-Income country and regional Studies 
Author Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 

import 
 

Sun and Parikh 
(2001) 

China, Three 
macro regions of 
China – Eastern, 
Central, and 
Western 

1985-1995 Panel regression; 
simultaneous 
equation model 

GDP growth, export growth, FDI-
GDP ratio, investment-output 
ratio, growth in exports times 
share of non-exports, growth in 
exports times export share 
 

Evidence of ELG: exports have a positive 
effect on GDP in two of the three regions 
– Eastern and Central 

Jin (2002) Four Korean 
provinces 

Jan-1987 to 
Jul-1996 

Modified Engle-
Granger cointegration 
tests; Granger 
causality test 

Real industrial production as a 
proxy for provincial output, real 
provincial exports of goods, terms 
of trade and national output 
 

ELG in two (Seoul and Kyungnam) of the 
four Korean provinces 

Hatemi-J 
(2002) 

Japan 1966:Q1 to 
1999:Q1 

Augmented Granger 
causality test 

Real output and real exports ELG supported in Japan between 1966 
and 1999 
 

Panas and 
Vamvoukas 
(2002) 

Greece 1948-1997 Johansen 
cointegration test, 
Granger causality test 
 

Real GNP, real exports, nominal 
effective exchange rate, price 
level 

No evidence of ELG; a “powerful” long-
run causality runs from output to exports 

Awokuse 
(2003) 

Canada 1961-2000 Johansen 
cointegration test, 
Granger-causality 
test, Toda-Yamamoto 
causality test 
 

GDP growth, real capital, real 
labour, real exports, real terms of 
trade, foreign output stock 

Evidence of ELG; unidirectional Granger 
causality from real exports to real GDP 

Balaguer and 
Cantavella-
Jordá (2004) 

Spain 1961-2000 Johansen 
cointegration and 
Granger-causality test 

Real domestic output, real 
aggregate exports, export 
composition 

Evidence of ELG; structural 
transformation in export composition 
played a crucial role in economic 
development of Spain 
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Table 3.1: Summary of empirical literature on ELG – Developed/High-Income country and regional Studies 
Author Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 

 
Cuaresma and 
Wörz (2005) 

45 countries: 
industrialized and 
developing 

1981-1997 Panel regression – 
GLS and EC2SLS 

Growth rates of GDP and labour, 
Investment/GDP ratio, weighted 
growth rate of exports, weighted 
growth of exports by sector 
 

Evidence for ELG; productivity level in 
the export sector is higher than in the 
domestic sector 

Herzer et al. 
(2006) 

Chile 1960-2001 Johansen 
cointegration test, 
FIML, Dynamic 
OLS, Granger 
causality test 

Real GDP net of primary and 
manufactured exports, Real 
imports of capital goods, real 
exports of manufactured goods, 
real exports of primary products, 
real capital stock, total number of 
people employed each year 
 

Evidence of ELG 

Ljungwall 
(2006) 

China, 27 Chinese 
provinces 

1978-2001 Johansen 
cointegration test, 
Granger-causality 
test, VECM 
 

Province specific GDP, exports, 
and imports 

Evidence of ELG in 13 of 27 provinces 
included in study 

Siliverstovs and 
Herzer (2006) 

Chile 1960-2001 Toda-Yamamoto 
causality test 

Real GDP net of primary and 
manufactured exports, real exports 
of manufactured goods, real 
exports of primary products, real 
capital stock, real import of 
capital goods 
 

Evidence of ELG, unidirectional Granger-
causality from manufactured exports to 
net of exports GDP, primary exports were 
not found to have any causal effect on 
output 

Awokuse and 
Christopoulos 
(2009) 

Canada, Italy, 
Japan, UK and 
USA 

1960:Q1 to 
2005:Q3 

Non-linear 
multivariate STAR 
estimations 

Real GDP growth, real exports Evidence of ELG in Italy, UK and USA, 
GLE in Japan, neither ELG or GLE is 
found in Canada 
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Table 3.1: Summary of empirical literature on ELG – Developed/High-Income country and regional Studies 
Author Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Mahadevan 
(2009) 

Singapore 1974-2004 Johansen 
cointegraton test, 
Granger causality 
test, Toda-Yamamoto 
causality test 
 

GDP, exports, imports, labour 
productivity, and total factor 
productivity 

Evidence of ELG 

Ozturk and 
Acaravci 
(2010) 

Turkey 1986-2006 Johansen 
cointegration test, 
Granger causality test 
in ECM, Toda-
Yamamoto causality 
test 
 

GDP volume, export volume, 
terms of trade, industrial 
productions index 

Evidence of short-run and long-run ELG 
hypothesis 

Balcilar and 
Ozdemir (2013) 

Japan 1957:Q1- 
2009:Q1 

Modified Granger 
causality tests, 
bootstrap rolling 
window estimation 
 

Real output and real exports Evidence of ELG in Japan, results not 
uniform for different sample periods due 
to structural changes 

Tang et al. 
(2015) 

Hong Kong, 
South Korea, 
Singapore, 
Taiwan 

Various 
periods 
ending in 
2007:Q2 

Johansen 
cointegration test, 
rolling regression-
based MWALD 
causality test 

Real GDP, real exports, real 
exchange rate 

No support for ELG; ELG in each of four 
economies not stable over analysis period 

  



88 
 

3.2 Empirical Literature on Dutch Disease 

In this section, the empirical literature relevant to Dutch disease induced by resources 

boom/expansion/windfall is reviewed. Due to the Dutch disease literature being sparse, 

we also consider studies that look into how a resources boom may affect income 

inequality, real exchange rate, and government expenditure as relevant to the Dutch 

disease. However, studies that assess the Dutch disease effect of aid, remittances, FDI 

and tourism are not considered in this section because of a lack of relevance to the 

Australian scenario. Section 3.2.1 begins with an outline of the characteristics and 

trends of the Dutch disease literature. In the following four sections, the literature is 

grouped together into four main types: Qualitative studies (3.2.2), OLS and other static 

regression techniques (3.2.3), Cross-country studies (3.2.4), and Single-country studies 

(3.2.5). 

3.2.1. Overview of the Dutch disease literature 

The early days of the Dutch disease literature lacked a definitive pattern in which 

studies assessed the Dutch disease effects of resources booms. Prior to the 2000s, few 

studies addressed the issue quantitatively and those that did used static estimation 

techniques like the OLS and simulation techniques like Computable General 

Equilibrium (CGE) modelling. This had been the norm until the 2010s, when empirical 

studies using time-series and panel data estimation techniques began to be published. 

These recent studies have also focussed on testing the different “symptoms” of Dutch 

disease rather than merely testing a real exchange rate appreciation or a decline in 

manufacturing. There also have been a few studies testing the regional level impact of 

Dutch disease in Canada. Some of the later empirical studies also employed 

sophisticated methods which account for a non-linear relationship between model 
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variables. During the same time, we also see more CGE modelling papers, especially 

with regard to the Australian tourism sector, which simulate the impact of Dutch disease 

on the Australian tourism sector. 

Thus, we can note that empirical Dutch disease studies are sparse in the literature. This 

is despite the fact that an increasing number of empirical studies are being published 

since the 2010s. Moreover, there are no published empirical studies testing the 

symptoms of Dutch disease in Australia nationally and regionally. Consequently, we 

identify a gap in the literature regarding the externalities of the resources on other 

sectors such as agriculture and manufacturing at both the national and regional levels in 

Australia. 

3.2.2. Qualitative studies 

This section gives an overview of the literature that qualitatively analyses Dutch disease 

in countries undergoing resource boom/expansion/windfall. Firstly, Davis (1995) 

discusses qualitatively the developmental measures of 22 “long-term mineral” and 57 

“never-mineral” economies. These developmental measures include GNP per capita, 

life expectancy at birth, infant mortality, calorie supply per capita, population with 

access to safe water, primary school enrolment, adult literacy rate, and the Human 

Development Index (HDI). Davis (1995) concludes that mineral booms may or may not 

result in Dutch disease in reality, argues that greater mineral production may be a result 

of development rather than a cause of it. However, in their sample of developing 

countries, Davis does notice that “de-agriculturalization” may have occurred in 

conjunction with a burgeoning government sector. 

Mikesell (1997) takes a similar approach to Davis (1995) in analysing Dutch disease in 

a number of countries including oil exporting Least Developed Countries (LDC) and 
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non-fuel mineral exporting LDCs. The list of oil exporting LDCs includes Algeria, 

Ecuador, Indonesia, Mexico, Nigeria, Oman, Saudi Arabia, Trinidad and Tobago, and 

Venezuela while the non-fuel mineral exporting LDCs include Bolivia, Botswana, 

Chile, Jamaica, Papua New Guinea, Peru, and Zambia. Here, the level of GDP, shares 

of fuels, minerals, and metals in total exports, and average per capita GNP growth rates 

of the sample countries are considered in the model. Mikesell’s (1997) analysis 

concludes that Dutch disease is not the major determinant of growth patterns for more 

than half of the countries. Mikesell (1997) argues that the major contributors of 

economic performance include government disposal of resource windfalls and the 

policies adopted to avoid inflation and maintain incentives for investment and 

production in the tradeable sectors. 

Dobrynskaya and Turkisch (2010) make a qualitative analysis of the situation in the 

wake of the oil booms (1999-2007) in Russia. The authors look at the trends in 

production, wages and employment in Russian manufacturing industries, and study the 

behaviour of Russian imports and exports. Results indicate that Russia exhibits some 

symptoms of Dutch disease, including a real exchange rate appreciation, a rise in real 

wages, and a decrease in employment in manufacturing industries. However, production 

increases in both the services and manufacturing sectors, contradicting the theory of 

Dutch disease. Dobrynskaya and Turkisch (2010) suggest that these trends may be 

explained by the productivity improvements and economic recovery following the 

disarray of the 1990s, the new market opportunities for Russian products in the 

European Union and in the Commonwealth of Independent States (CIS) countries, a 

growing Chinese demand for some products, and a booming domestic market. In 

addition, policies encouraging investment in many manufacturing sectors, while at the 
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same time strongly regulating investment in the energy sector, has contributed to 

economic diversification in Russia. 

Hart (2010) addresses, qualitatively, the issue of Dutch disease in Western Australia and 

how regional governments’ “consumption-based” fiscal policies led to a depletion of 

Western Australia’s capital stocks. Hart (2010) notes that Western Australia suffers 

from Dutch disease and that a regional level “revenue fund” would offer a solution to 

Dutch disease and help undergo an expensive adjustment process resulting from a 

depletion of capital stock in Australia. 

Pegg (2010) asks the question “Is there a Dutch disease in Botswana?” in assessing the 

situation in the African nation. Pegg (2010) concludes that Botswana suffers from 

Dutch disease-like symptoms which are, albeit, not caused by its main export item – 

diamonds. Rather, it is due to the lack of diversity in its economy which has been the 

repercussion of geopolitical and own fiscal policies. 

Corden (2012) identifies qualitatively a three-speed economy in Australia and suggests 

possible policy options to moderate the Dutch disease effects. The fastest moving sector 

in this three-speed economy is the mining sector whereas the slowest moving sector 

includes agriculture, manufacturing, tourism, and education exports. The non-tradable 

sector, representing the rest of the economy, moves at a different speed also. The 

prescribed policy options of Corden (2012) include: doing nothing, protecting the 

lagging sectors, running a fiscal surplus and lowering the interest rate to mitigate 

exchange rate effects, and creating a sovereign wealth fund. 

Rasiah et al. (2014) carries out a qualitative analysis of the capacity of the “newly 

independent but petroleum rich” Timor-Leste to avoid experiencing Dutch disease. The 
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evidence shows that Timor-Leste is facing mounting obstacles as oil and gas, which 

have contributed little to direct employment, continue to dominate the GDP, with cereal 

yields from the agricultural sector showing a falling trend during the first decade of 

2000. The public sector has become the dominant part of services since 2006 

demonstrating that the private sector has hardly evolved. With the non-renewable 

petroleum sector increasing and retaining its share at the expense of falling 

contributions of agriculture and manufacturing in GDP since 2006, Rasiah et al. (2014) 

makes a case that Timor-Leste could not escape the Dutch disease trap. 

3.2.3. OLS and other static regression techniques 

This section explores some of the earliest empirical literature on Dutch disease that 

makes use of OLS and other static estimation techniques. Firstly, Kamas (1986) tests for 

the symptoms of the Dutch disease in Colombia between 1967 and 1984 when the 

country is marked by a coffee and drugs boom. Here the relative price of domestic 

goods and the real exchange rate are estimated, each as a function of government 

expenditure, real money supply, and price of coffee. The estimated real exchange rate is 

then used to regress on three aggregated sectoral outputs. The real exchange rate has a 

negative coefficient with the output of the most traded sector and a positive impact on 

that of the least traded sector. Kamas (1986) then regresses non-coffee exports and 

manufactured exports with the relative price of home goods. Here, the relative price of 

home goods has a negative correlation, with non-coffee exports and manufactured 

exports. The real exchange rate has positive coefficients when included as a regressor 

instead of the relative price. These results, according to Kamas (1986), are similar to 

those for the relative price of home goods; and that the positive coefficient of the real 

exchange rate shows that a real appreciation reduces both non-coffee and manufactured 
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exports. This shows that Colombia suffered from the Dutch disease between 1967 and 

1984. 

Rudd (1996) conducts an assessment of Dutch disease in Indonesia, Netherlands, and 

Nigeria using OLS between 1960 and 1990. Manufacturing and agriculture as shares of 

non-oil GDP are used as dependent variables in the model. On the right hand side is the 

use of the real exchange rate, government expenditure, wage in the domestic oil 

industry, money supply, the ratios of the price of manufacturing goods of Middle 

Income Countries (MIC) and LDCs, and the income per capita. Rudd (1996) concludes 

that the decline in the agriculture sector in Indonesia is the inevitable consequence of 

the development process, while that in Nigeria can be explained by the spending effect. 

Dutch disease is verified in the Netherlands where the spending effect is found to be 

highly significant. 

Ruehle and Kulkarni (2011) use a qualitative discussion and OLS regressions to 

investigate whether Chile suffers from Dutch disease. The left hand side of their 

estimated models includes GDP while the right hand side includes copper price, 

agricultural production, values of copper mining, total manufacturing, construction, and 

public administration. Ruehle and Kulkarni (2011) observe that Chile may have averted 

the harmful effects of Dutch disease through prudent fiscal and monetary discipline and 

by being blessed with an abundant labour force. 

3.2.4. Cross-country studies 

In this section, the Dutch disease studies conducted on multiple countries using time-

series and/or panel data econometrics techniques are reviewed. Fardmanesh (1991) uses 

annual time-series data from 1966 to 1986 to test for Dutch disease in Algeria, Ecuador, 

Indonesia, Nigeria, and Venezuela. The variables used in this analysis include the share 
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of agricultural output in non-oil GDP, the share of manufacturing output in non-oil 

GDP, share of non-traded output in non-oil GDP, the ratio of oil revenues to GDP, and 

the index of world relative price of manufactured goods to agricultural products for less 

developed countries. Fardmanesh’s (1991) empirical analysis finds the output 

composition of these economies to be influenced by a rise in oil revenues, the spending 

effect, and the world price of manufactured goods relative to agricultural products 

(world-price effect). Both spending and world price effects are seen to enlarge the 

manufacturing sector, shrinking the agricultural sector in these economies. The 

spending effect tends to result in a growth of the non-traded sectors while the world-

price effect on them may be either expansionary or contractionary. In contrast, the 

1980s oil glut appears to have induced the opposite effects. 

Stijns (2003) conducts an exhaustive analysis of Dutch disease in 137 countries using 

the Gravity model of trade by Tinbergen (1963). Bilateral real manufacturing exports is 

the dependent variable while real GDP, world price of energy, total net energy exports, 

instrumented net energy exports, and a range of dummies form the right hand side of the 

regression. Stijns (2003) runs OLS and panel regression on the 137 countries between 

1970 and 1997. Estimated results indicate strong evidence of Dutch disease as “energy 

price-led booms systematically tend to hurt energy exporters’ manufacturing exports”. 

However, Stijns (2003) does not include the real exchange rate in the regressions, 

ignoring possible detection of any real exchange rate appreciation and explanation of its 

possible reasons. 

Égert (2005a) tests equilibrium exchange rates in Bulgaria, Croatia, Romania, Russia, 

Ukraine and Turkey by specifying the following functions: 

𝑄𝐶𝑃𝐼 = 𝑓(𝑃𝑅𝑂𝐷, 𝑁𝐹𝐴, 𝑅𝐸𝑉_𝑂𝐼𝐿)         (3.5) 
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𝑄𝐶𝑃𝐼 = 𝑓(𝑃𝑅𝑂𝐷, 𝑁𝐹𝐴, 𝐸𝑋𝑃)          (3.6) 

𝑄𝐶𝑃𝐼 = 𝑓(𝑃𝑅𝑂𝐷, 𝑁𝐹𝐴, 𝑂𝑃𝐸𝑁)         (3.7) 

𝑄𝐶𝑃𝐼 = 𝑓(𝑃𝑅𝑂𝐷, 𝑁𝐹𝐴, 𝑃𝐷𝐸𝐵𝑇)         (3.8) 

𝑄𝐶𝑃𝐼 = 𝑓(𝑃𝑅𝑂𝐷, 𝑁𝐹𝐴, 𝑅𝑂𝐼𝐿)         (3.9) 

where, QCPI is the real exchange rate based on the consumer price index (CPI), PROD is 

the dual productivity differential between the traded and non-traded sectors, NFA is the 

net foreign assets, REV_OIL is the product of the price of Ural crude oil and crude oil 

production volume, EXP is public expenditure as a share of GDP, OPEN is the 

openness indicator, PDEBT approximates the risk premium, and ROIL is the real price 

of oil. These equations are estimated using mean group Fully Modified OLS (FMOLS), 

DOLS, and Autoregressive Distributed Lags (ARDL) estimation methods to observe 

what determines equilibrium exchange rate in these countries. In the case of Russia, 

Dutch disease is tested by determining whether the price of oil is a driver of the 

equilibrium exchange rates. Results indicate that real oil prices have different impacts 

on the real exchange rate. There is limited evidence that oil prices and oil revenues 

determine real exchange rates in Russia. In addition, net foreign assets and productivity 

generally have a positive effect on real exchange rate appreciation. Égert argues that the 

results should be interpreted with caution as they are not “particularly robust”. 

Ismail (2010) studies Dutch disease in oil exporting economies by answering three 

questions: (i) Structural implications of the Dutch disease in oil-exporting countries due 

to permanent oil price shocks, (ii) Behaviour of expenditure policy during boom-bust in 

commodity price cycles and its implications on real exchange rate movements, and iii. 

Capital cost of adjustment that may be behind the slow response of manufacturing to oil 
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shocks. The sample periods for questions (i) and (ii) are from 1977 to 2004 and from 

1992 to 2009 respectively. Fixed-effect panel regression technique is used to estimate 

the models relating to the first two questions. Question (iii) is answered by using the 

same data from question (ii). Results from the analysis of these three questions show 

that manufacturing is adversely affected by oil price and that current spending leads to 

exchange rate appreciation which is consistent with the Dutch disease theory. However, 

other factors such as slow adjustment in fiscal policy to oil shocks are identified by 

Ismail (2010) as probable reasons behind the slow impact of oil price shocks on 

manufacturing output. 

Along the lines of Égert (2005a), Mohammadi and Jahan-Parvar (2012) test Dutch 

disease by observing the long- and short-run dynamics between real oil prices and real 

exchange rates in 13 oil exporting countries. Of the 13 countries tested in this study, 

monthly data from seven countries – Colombia, Gabon, Indonesia, Mexico, Nigeria, 

Norway and Venezuela – are for a longer period from 1970:1 to 2010:1. In the 

remaining countries, the starting period varied from country to country: January 1974 

for Algeria, November 1995 for Angola, January 1986 for Bolivia, January 1973 for 

Kuwait, September 1992 for Russia, and February 1980 for Saudi Arabia. Cointegration 

is tested between real oil prices and real exchanges rates using Threshold and 

Momentum-Threshold Autoregressive (TAR and M-TAR) models. Results from the 

cointegration tests show that Dutch disease may be present in three out of 13 countries – 

Bolivia, Mexico, and Norway. Findings also show that oil prices have a long-run effect 

on the exchange rates and that the exchange rate adjusts faster to positive deviations 

from the equilibrium. However, short-run causality is not observed in any direction 

between real exchange rates and real oil prices. The overall findings indicate a weak 
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link between oil prices and real exchange rates and thus evidence favouring Dutch 

disease is limited. 

Apergis et al. (2014) examine the effect of oil rents on agriculture value added in oil 

producing Middle East and North African (MENA) countries. Panel cointegration and 

causality tests are performed on agriculture value added and oil rents between 1970 and 

2011. Empirical analysis shows that there is a negative relationship between agriculture 

value addition and oil rents. This shows that Dutch disease may be present as “de-

agriculturalisation” in the MENA countries. 

3.2.5. Single-country studies 

In this fourth and final part of the Dutch disease literature review, we consider the 

studies carried out on a specific country only. To begin with, we look at Benjamin et al. 

(1989), who study Cameroon using CGE modelling that includes sectoral production, 

exchange rate, labour, input-output coefficients and other price and productions data for 

the period 1974-1982. Their simulation shows that the agricultural sector is most likely 

to be hurt, whereas some of the manufacturing sectors will benefit. The authors argue 

that this indicates possible areas for government intervention, should this be warranted, 

and that this may explain the differing performance between the agricultural and 

industrial sectors of oil exporting countries in the post-1973 period. 

Nyatepe-Coo (1994) examines the effect of sectoral changes and government policies 

on import demand in Nigeria between the 1970s and the 1980s. The estimated results 

indicate that import demand can be explained by sectoral changes that accompany the 

oil shocks and government policy responses to these changes. In addition, Nigerian oil 

booms resulted in a shrinking agricultural sector that led to an increased demand for 

agricultural imports. Moreover, the increase in foreign exchange reserves is seen to 
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boost permanent real income and government spending, and contributes to the real 

exchange rate appreciation, which leads to an increase in the import demand of Nigeria. 

Egert and Leonard (2008) tests for Dutch disease in Kazakhstan using monthly data 

from 1995 to 2005. They use a model almost identical to that of Égert (2005a) except 

for an additional variable, relative price. The methodology used in their study also 

draws similarities to Égert (2005a): OLS, DOLS, and ARDL are used to estimate the 

models. Empirical results show that increases in the price of oil and oil revenues lead to 

an appreciation of the US dollar exchange rate of the oil and non-oil sectors of 

Kazakhstan. However, this appreciation is found to be significant only for the oil sector 

and insignificant for the non-oil manufacturing sector. 

The study by Algieri (2011) is intriguing because it uses time-series data analysis to 

find evidence for Dutch disease in Russia. This study uses monthly data spanning from 

November 1993 to December 2009 to test for three symptoms: (i) Real Exchange rate 

appreciation, (ii) GDP growth fuelled by oil price increases, and (iii) Relative 

Deindustrialisation. These three symptoms of Dutch disease are tested by Johansen 

cointegration and Granger causality tests in a VAR setting. Existence of the three Dutch 

disease symptoms is confirmed by these cointegration and causality tests. 

A similar time-series approach is taken by Beine et al. (2012) in their analysis of the 

Dutch disease in Canada. The analysis involves explaining the dynamics of the 

Canadian dollar using different time periods: 1972:Q2-2007:Q4, 1972:Q2-1993:Q4, and 

1983:Q1-2007:Q4. Estimation methodologies used in finding the determinants of the 

Canadian dollar include the Bayesian Markov Chain Monte Carlo (MCMC) method and 

error correction model.  Beine et al. (2012) conclude that Dutch Disease is the main 

reason behind the exchange rate “developments” between 2002 and 2007 that caused 
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between 33 and 39 percent of job losses in the manufacturing sector. The remaining 

employment losses, according to the authors, are due to weaknesses in the neighbouring 

US economy. 

Russia is tested for Dutch disease by Dülger et al. (2013), who conduct cointegration 

tests that incorporate an endogenously determined structural break on the following 

models: 

Symptom I: (𝑦𝑚𝑎𝑛

𝑦𝑠𝑒𝑟𝑣
) = 𝑓(𝑝𝑟𝑜𝑑, 𝑟𝑝𝑜𝑖𝑙) 

Symptom II: 𝑟𝑒𝑒𝑟 = 𝑓(𝑝𝑟𝑜𝑑, 𝑟𝑝𝑜𝑖𝑙) 

where, (
𝑦𝑚𝑎𝑛

𝑦𝑠𝑒𝑟𝑣
) denotes relative production in the manufacturing sector to the services 

sector; prod is the relative labour productivity of manufacturing to services, rpoil 

represents the real price of oil and reer is the real effective exchange rate. Symptom I 

tests whether there is relative deindustrialisation while symptom II checks for a real 

exchange rate appreciation. Findings from this study show stronger support for 

symptom II than for symptom I. However, results do indicate that Russia suffers from 

the symptoms of Dutch disease in the post-Soviet Union era. 

Using a Structural VAR model, Dungey et al. (2013) examine the effects of Chinese 

resource demand, commodity prices and foreign output on the Australian economy. The 

dataset ranges from 1988:Q1 to 2011:Q2 and the variables include Chinese resource 

demand, real commodity prices, foreign output, real value of Australian resource 

exports, mining gross value added, domestic output, inflation rate, cash rate, and the 

real exchange rate. Results from this study show that shocks to Chinese resources 

demand and commodity prices have a favourable impact on the resources sector in 
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Australia. In addition, the shocks are found to lower Australia’s real domestic output 

due to the resource movement effect where non-resource output falls as resource output 

soars. 

Hasanov (2013) tests for four symptoms of Dutch disease in Azerbaijan. These four 

symptoms include (i) Deterioration in the non-oil tradable sector and expansion in the 

non-tradable sector, (ii) The labour force movement and the government expenditures, 

(iii) An increase in the wage growth in the overall economy, and (iv) An appreciation of 

the real exchange rate. These symptoms are tested by using a combination of qualitative 

discussion, the Johansen cointegration test and ECM estimates. The dataset includes 

GDP by sector, the share of non-oil tradables and non-tradables in non-oil GDP, oil 

GDP, non-oil GDP, the real wage rate by sector, the average wage rate in economy, the 

employment growth by sectors, the share of sectors in total employment, government 

expenditure growth, government investment, unit labour cost growth, productivity 

growth, and the price index by sectors for the period from 2001:Q1 to 2007:Q4. 

However, it should be noted that the Johansen cointegration test is applied to testing 

symptoms (i) and (iv) only, as symptoms (ii) and (iii) are assessed qualitatively. Results 

indicate that there is not an absolute deindustrialisation but a relative deindustrialisation 

in Azerbaijan. Results also indicate a substantial rise in the non-tradable sector during 

the 2000-2007 period, and that government expenditure contributes to a spending effect 

which happens to be more crucial than the resource movement effect. Hasanov (2013) 

also finds that the FDI inflow to the oil sector is harmful for non-oil exports, therefore 

contributing, to the deepening of resource, or oil, dependence. 

Beine et al. (2014) use Canadian provincial data from 1987 to 2009 to test whether 

migration can mitigate the effect of Dutch disease. They use a panel regression model 
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which incorporates province- and time-fixed effects. This model captures the annual 

resource income experienced in a particular province and the total migration flow, 

including net interprovincial migration and international immigration (under the 

temporary working program implemented after 1985) entering each province at time t. 

Empirical results show evidence that an aggregate inflow of migrants has a mitigating 

effect on Dutch disease in Canadian provinces. However, when disaggregated migration 

data is used, estimates show that the mitigating effect is largely due to interprovincial 

migration and temporary foreign workers. Permanent international immigration is not 

found to have any mitigating effect. Nevertheless, Beine et al. (2014) note that 

interprovincial migration also results in a spreading effect of Dutch disease from 

booming to non-booming provinces. 

Dubé and Polèse (2014) look for Dutch disease in 135 urban areas of Canada over a 35-

year period (1971-2006). The growth of urban areas is modelled using variables 

including ‘employment in extractive industries’, ‘employment in primary resource 

transformation manufacturing’, ‘growth of the working-age population’, ‘growth in 

manufacturing employment’, ‘growth in remaining employment’, ‘growth of average 

weekly earnings per employed worker’, and ‘growth in the number of people aged 15 

and over with at least a B.A. (or B.Sci.) degree’, plus a range of local attribute variables. 

Dubé and Polèse (2014) do no find support for a sustained Dutch disease wage effect. 

Wages are seen to fluctuate in response to resource demand as with working-age 

populations. The authors argue that the impact of resource specialisation depends on the 

particular resource and type of industry it “spawns”, as well as its location. Dubé and 

Polèse (2014) conclude that there is no generalizable resource curse valid for all 

resources and all places in Canada. 
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Forsyth et al. (2014) test whether Australia’s tourism is suffering from Dutch disease by 

doing a CGE modelling of the impacts of the mining boom on tourism. Results confirm 

the Dutch Disease effect of the mining boom on the leisure tourism industry. However, 

different parts of tourism have fared differently. Inbound leisure tourism declined 

compared to that experienced over the past two decades. However, business travel (by 

miners) increased as a result of increased mining exports. Domestic tourism fell, while 

outbound tourism grew remarkably. 

Dwyer et al. (2014) extend the Forsyth et al. (2014) study by analysing information 

gathered from prominent tourism organisations. Dwyer et al. (2014) uses the same CGE 

modelling to find that, despite the mining boom having mixed effects on the tourism 

sector, it negatively affects leisure tourism. It is also revealed that the tourism sector 

fails to attract and retain skilled labour, and that the adverse impact on the leisure 

tourism sector is a result of the displacement of leisure travel by business travel. 

Papyrakis and Raveh (2014) also assess the presence of Dutch disease in different 

regions of Canada. Fixed time-province effect panel regression is carried out on 

provincial data from 1984 to 2008. Papyrakis and Raveh (2014) estimate a system of 

equations in Seemingly Unrelated Regressions (SUR) form. This SUR includes 

variables such as provincial inflation rate, resource abundance, a proxy for price level, 

the shares of capital and labour in the non-primary tradable sectors, and annual 

percentage changes in the share of capital and labour in the non-primary tradable 

sectors. In addition, an equation which examines the ‘crowding-out effects’ of natural 

resources exports on non-resource exports is also estimated. This equation includes 

annual growth in the share of (domestic/international) non-mineral exports in GDP as 
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the dependent variable, while adding the share of exports in GDP in the previous year to 

the list of independent variables. 

Empirical results reveal that Dutch disease is relevant at a regional level in Canada. 

Papyrakis and Raveh (2014) note that resource windfalls are associated with higher 

inflation and labour (capital) shifting from (to) non-primary tradable sectors. They also 

find that resource windfalls in neighbouring regions are associated with a capital 

(labour) shift from (to) non-primary tradable sectors in the source region. Overall, 

between 51 percent and 20 percent of the adverse effects of resource windfalls (in the 

neighbouring regions) on region-specific non-mineral international exports (in the 

source region) is explained by regional and national Dutch disease respectively. 

However, Dutch disease is not seen to significantly affect inter-regional exports. 

Soumaila (2014) develops a dynamic general equilibrium model and utilizes it to 

quantify the effect of a uranium windfall on Niger’s economy during the 1970s and the 

1980s. The results from these simulations show that the uranium windfall improves 

household welfare and also promotes growth. The simulation results provide two 

possible reasons which can explain these findings. Firstly, the government saved about 

half of the windfall, which significantly expands public saving. Additionally, private 

saving also received a boost, as households save a part of transfer payments received 

from the government. The capital stock, and in turn real GDP, expands dramatically as 

total savings grow in the economy. Secondly, aggregate consumption increases 

substantially as household income increases, leading to welfare improvement. However, 

the rise in incomes is unevenly distributed, culminating in a relative increase in income 

inequality. In addition, Soumaila (2014) finds that the overall price levels go up but the 

long-run inflation rate does not. They attribute this mainly to the spending effect. 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Kamas (1986) Colombia 1967-1984 OLS Relative price of home goods, real 

exchange rate, aggregated sectors, 
non-coffee exports, manufactured 
exports, government spending, real 
money supply, dollar price of coffee, 
real exchange rate, relative price of 
home goods 
 

The coffee and drug booms affect the 
Colombian economy in the manner 
predicted by the Dutch disease models. 

Benjamin et al. 
(1989) 

Cameroon 1974-1982 CGE modelling Sectoral production, exchange rate and 
others 

Support for Dutch disease; agriculture 
sector may be hurt by post-1973 period 
 

Fardmanesh 
(1991) 

Algeria, 
Ecuador, 
Indonesia, 
Nigeria and 
Venezuela 

1966-1986 Time series 
analysis 

Share of agricultural output in non-oil 
GDP, share of manufacturing output in 
nonoil GDP, share of non-traded 
output in nonoil GDP, ratio of oil 
revenues to GDP, index of world 
relative price of manufactured goods to 
agricultural products for less 
developed countries 
 

Dutch disease present as a decline in 
agriculture 

Nyatepe-Coo 
(1994) 

Nigeria 1970s, 1980s Qualitative 
discussion 

Real import demand, real exchange 
rate 

Import demand can be explained by 
sectoral changes that accompanied the 
oil shocks; Nigerian oil booms resulted 
in a shrinking agricultural 
 

Davis (1995) 22 long-term 
mineral 
economies; 
57 never-
mineral 

1970-1990 Qualitative 
discussion 

GNP per capita, life expectancy at 
birth, infant mortality, calorie supply 
per capita, population with access to 
safe water, primary school enrolment, 
adult literacy rate, HDI 

Dutch disease may or may not, in 
practice, accompany mineral booms; 
mineral production may be a reflection 
of economic development, rather than a 
cause 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 

economies 

Rudd (1996) Netherlands, 
Nigeria, 
Indonesia 

1960-1990 OLS Manufacturing as % of non-oil GDP, 
agriculture as % of non-oil GDP, real 
exchange rate, government 
expenditure, wage in the domestic oil 
industry, money supply, ratio of price 
of manufacturing goods of MDCs and 
LDCs, income per capita 

Indonesia – decline in agriculture 
sector is also the inevitable 
consequence of its development 
process; Nigeria – spending effect 
explains de-agriculturalisation; 
Netherlands – Dutch Disease verified, 
spending effect highly significant 
 

Mikesell 
(1997) 

Oil exporting 
LDCs; 
Non-fuel 
mineral 
exporting LDCs 
 

1960-1993 Qualitative 
discussion 

Shares of fuels, minerals, and metals in 
total exports GDP, average per capita 
GNP growth rate 

Dutch Disease was not the major factor 
behind the growth pattern for more 
than half of the countries reviewed 

Stijns (2003) 137 countries 1970-1997 Gravity 
Methodology; 
OLS, panel 
regression 

Real manufacturing exports from i to j, 
real GDP, world price of energy, total 
net energy exports, instrumented net 
energy exports; a range of dummies 

Strong evidence of Dutch disease in the 
world trade data - energy-price led 
booms have systematically tended to 
hurt energy exporters’ manufacturing 
exports; productivity growth is 
sometimes very strong in resource 
extraction industries 
 

Égert (2005a) 6 countries Monthly and 
Yearly data 
from early 
1990s to early 
2000s 

Mean group 
DOLS, FMOLS 
and ARDL-
estimators 

Real exchange rate, productivity, real 
price of oil, oil revenue, public debt-
to-GDP ratio, expenditure-to-GDP 
ratio, terms of trade and net foreign 
assets 

Real oil prices have different impacts 
on the real exchange rate; limited 
evidence that oil prices and oil 
revenues determine real exchange rates 
in Russia; results not “particularly 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 

robust” 

Egert and 
Leonard (2008) 

Kazakhstan Monthly data 
from 1995 to 
2005 

OLS, DOLS and 
ARDL 

Real exchange rate, open sector and 
non-oil manufacturing, Productivity, 
real price of oil, oil revenue, relative 
prices, public debt-to-GDP ratio, 
expenditure-to-GDP ratio, terms of 
trade and net foreign assets 
 

Increase in price of oil and oil revenues 
led to an appreciation of the US dollar 
exchange rate of the oil and non-oil 
sectors 

Dobrynskaya 
and Turkisch 
(2010) 

Russia 1999-2007 Qualitative 
discussion 

Production, wages and employment in 
manufacturing industries, imports, and 
exports 
 

Dutch disease inconclusive 

Hart (2010) Australia; 
Western 
Australia 

1996-2010 Qualitative 
discussion 

Commodity price index, WA govt. per 
capita expenditure, mining royalties’ 
proportional contribution to WA govt. 
revenue, terms of trade, real effective 
exchange rate 
 

Rise in export prices lead to a strong 
Australian dollar 

Ismail (2010) 15 countries 1977-2004 Mathematical 
modelling, 
Panel regression 

Manufacturing production, oil price, 
real effective exchange rate, and others 

Harms caused by booms to “the 
potential economic performance of oil-
exporting countries” 

Pegg (2010) Botswana  Qualitative 
discussion 

 Botswana does not suffer from a 
classic Dutch disease 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Algieri (2011) Russia November- 

1993 to 
December-2009 

Johansen 
cointegration test, 
Granger causality 
test 

GDP, real effective exchange rate, 
ratio of manufacturing production to 
that of services, international oil 
prices, productivity, government 
variable, international reserves 
 

Symptoms of Dutch disease confirmed 
in Russia 

Ruehle and 
Kulkarni 
(2011) 

Chile 2003-07; 1997-
2006 

Qualitative 
discussion, OLS, 
correlation matrix 

GDP, copper price, agricultural 
production, copper mining, total 
manufacturing, construction, public 
administration 
 

Chile appears to have used fiscal and 
monetary discipline to reduce the 
severity of Dutch disease within its 
borders 

Corden (2012) Australia 2005-2011 Qualitative 
Discussion 

 Australian economy experiencing three 
speeds 
 

Beine et al. 
(2012) 

Canada 1972:Q2-
2007:Q4 

Bayesian Markov 
chain Monte 
Carlo (MCMC) 
method, ECM 

Real energy and non-energy prices, 
share of employment in Canadian 
manufacturing industry, differential 
between three-month nominal interest 
rates in Canada and the United States 
 

Dutch disease is behind the exchange 
rate developments that caused between 
33 and 39 percent of loss in 
manufacturing employment in Canada 

Mohammadi 
and Jahan-
Parvar (2012) 

13 countries Jan-1970 to 
Jan-2010 with a 
few countries 
having shorter 
sample period 

TAR and M-TAR 
cointegration 
models 

Real oil prices and real exchange rate Dutch disease is present in 3 countries 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Dülger et al. 
(2013) 

Russia 1995:Q1 to 
2011:Q2 

Gregory-Hasen 
and Arai-
Kurozumi 
cointegration tests 
 

Real effective exchange rate, ratio of 
manufacturing production to that of 
services, international oil prices, 
productivity 

Russian economy exhibits some typical 
symptoms of the “Dutch disease” 

Dungey et al. 
(2013) 

Australia 1988:Q1- 
2011:Q2 

VAR Chinese resource demand, real 
commodity prices, foreign output, 
the real value of Australian resource 
exports, mining sector variable, 
domestic output, inflation rate, cash 
rate, and real exchange rate 
 

Decline in non-resource output as 
resource output rises; decline in real 
domestic output 

Hasanov 
(2013) 

Azerbaijan 2001:Q1-
2007:Q4 

Qualitative 
discussion, 
Johansen 
cointegration test 
 

Non-oil exports, FDI inflow to oil 
sector and the real effective exchange 
rate for the non-oil trade 

Relative deindustrialization indicates 
the Dutch disease 

Apergis et al. 
(2014) 

MENA 
countries 

1970-2011 Panel 
cointegration and 
causality tests 

Agriculture value added, oil rents Dutch disease present as oil rents 
adversely affect agriculture value 
added 

Beine et al. 
(2014) 

10 Canadian 
provinces 

1987-2009 Panel regression – 
Fixed effects 

Size of non-tradable sector, tradable 
sector productivity, non-tradable sector 
productivity, resource income, terms 
of trade, net interprovincial migration, 
provincial immigration, temporary 
immigration, permanent immigration 
 

Confirmation of the Dutch disease in 
Canadian provinces 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 
Dubé and 
Polèse (2014) 

135 Canadian 
urban areas 

1971-2006 Panel regression Employment in extractive industries, 
employment in primary resource 
transformation manufacturing, growth 
in manufacturing employment, growth 
in the number of persons aged 15 and 
over with at least a B.A. (or B.Sci.) 
degree and a range of local attribute 
variables 
 

The Dutch disease not evident in urban 
wage rises 

Dwyer et al. 
(2014) 

Australia 2005 and 2012 CGE modelling Inbound tourism demand, GDP, 
household consumption, investment, 
exports and others, mining exports 

The Dutch disease effect of the mining 
boom on the leisure tourism industry; 
the tourism sector fails to attract and 
retain skilled labour and the impact on 
the leisure that is a result of 
displacement of leisure travel by 
business travel 
 

Forsyth et al. 
(2014) 

Australia 2005 and 2012 CGE modelling Inbound tourism demand, GDP, 
household consumption, investment, 
exports and others, mining exports 

The Dutch disease effect of the mining 
boom on the leisure tourism industry; 
business tourism appear to have 
benefitted from mining boom; increase 
in outbound tourism 
 

Papyrakis and 
Raveh (2014) 

12 Canadian 
provinces and 
territories 

1984-2008 Panel regression – 
Fixed effects 

Inflation, capital movement, labour 
movement, export growth, resource 
abundance for the rest of Canada, price 
level in the previous year, capital 
movement, labour movement, export 
share in the previous year, inflation, 
labour in previous year, capital in 

The Dutch disease can hold at the 
regional level, making resource-rich 
provinces relatively less export-
oriented over time 
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Table 3.2: Summary of empirical literature relating to Dutch disease 
Author(s) Country(ies) Period Methodology Variable(s) Conclusion 
(1) (2) (3) (4) (5) (6) 

previous year 

Rasiah et al. 
(2014) 

Timor-Leste 1993-2010 Qualitative 
discussion 

Non-oil GDP by sector, employment 
by sector 

Presence of the Dutch disease – 
relative decline of agriculture and 
manufacturing in Timor-Leste GDP 

Soumaila 
(2014) 

Niger 1970s and 
1980s 

CGE modelling Uranium sales, household welfare, 
GDP growth, inequality, inflation 

The Dutch disease is manifest as 
inequality and inflation rises 
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3.3 Research Gap and Research Questions 

3.3.1. Research gap 

The survey of literature presented in the preceding sections indicates that the literature 

has significant gaps regarding the assessment of the effects of the mining sector in 

Australia. This literature review reveals that testing for the ELG hypothesis is minimal 

on a regional (within-country) basis and is unavailable in the case of Australia. In 

addition, most ELG studies in Australia have been conducted on a national level, 

utilising aggregate exports data and essentially ignoring the effect of the export sectors. 

Furthermore, no test of the ELG hypothesis using disaggregate exports data has been 

found for Australian regions. 

The literature review also identifies that gaps exist in literature with regard to testing of 

the adverse effects of mining booms in Australia. Booms in the resources sector have 

ramifications for the lagging tradable sectors in the economy. This adverse effect of 

mining booms, known as Dutch disease, involves a gradual decline (either relative or 

absolute) in the lagging tradable sectors. The lagging sector is generally manufacturing, 

but may also include agriculture and other export-oriented services like education and 

tourism. The review has also identified that the Dutch disease effects on agriculture and 

manufacturing have hitherto not been empirically tested in Australia, and that no study 

has tested for the Dutch disease effects of mining on the agriculture and manufacturing 

sectors in the different regions of Australia. This literature survey has, therefore, 

identified the four key research gaps which are summarised in the following list: 

I) Testing the ELG hypothesis at the national as well as the regional level in 

Australia. 
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II) Examining the ELG with disaggregated export sectors (Agriculture, Mining and 

Fuels, Manufacturing and Other) data at the national and regional level in 

Australia. 

III) Analysing Dutch disease (effect on manufacturing) at a regional level in 

Australia. 

IV) Examining the Dutch disease effect on agriculture at a regional level in 

Australia. 

3.3.2. Research questions 

The review of existing literature and the identification of research gaps have brought us 

to the following four research questions: 

a) Is economic growth export-led in Australia and its regions? 

This research question will empirically test the ELG hypothesis in Australia and its 

regions. A quantitative approach will be applied to answer this research question and an 

appropriate econometric model and methodology will be selected to test the ELG 

hypothesis. 

Expected Outcome: 

Export-led growth is expected in Australia and some of its regions, including the boom 

regions of Australia (Queensland and WA). Australia’s strong economic performance 

has coincided with the various mining booms that it has experienced since the 1980s. In 

particular, the boom of the early 2000s has been referred to as the driving force behind 

Australia’s remarkable performance from the beginning of the 21st century (Lowe, 

2012). This recent resources boom, which has resulted in a significant rise in Mining 

and Fuels exports since the 1990s, has particularly shot up after the early 2000s (see 



113 
 

Figure 2.4, Chapter 2). Moreover, economic growth also rose during the same period 

when this mining boom began (see Table 2.3, Chapter 2). This leads us to believe that 

exports may cause higher economic growth in Australia, especially in the wake of the 

2000s mining boom. 

Additionally, the early 2000s mining boom is credited with being a boon for certain 

regional economies of Australia. In Figure 2.8 (Chapter 2), exports of all non-boom 

regions of Australia are seen either to stagnate or decline between 2001 and 2011. The 

only regions whose exports grow during this period are the boom regions of Queensland 

and WA, as well as NSW which is not a boom region. In addition, these three regions 

are also the largest exporters amongst the Australian regions (column 11, Table 2.6, 

Chapter 2). Moreover, in Figure 2.10 (Chapter 2), the growth rates of aggregate output 

in the boom regions appear to be significantly higher than those of the rest of Australia. 

As a consequence, we expect ELG to hold, at least in the Australian regions where 

mining activities are concentrated, including the boom regions of Queensland and WA. 

b) Which export sector(s) leads economic growth in Australia and its regions? 

In this research question, the ELG hypothesis in Australia and its regions is extended 

using disaggregated exports data. A quantitative approach will also be applied to answer 

this research question; the econometric model(s) and methodologies used in answering 

the previous research question will be extended for use in answering this research 

question. 

Expected Outcome: 

At the aggregate level, the mining booms of the 1980s and early 2000s are identified as 

possible drivers of economic growth in Australia and some of its regions. In line with 
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that proposition, resource exports are considered to be the main driving force behind 

growth in Australia, in at least some of its regions, particularly where mining activities 

appear to be concentrated. However, since each region has a unique economic structure, 

the presence of ELG is expected to be driven by different sectors in each region. 

c) Is there a Dutch disease in Australia and in its regions? 

This research question will attempt to answer whether Australia and its regions are 

suffering from a classic case of Dutch disease, that is, deindustrialisation resulting from 

the mining boom(s). A quantitative approach will be applied to answer this research 

question and an appropriate econometric model and methodologies based on prior 

literature are used in determining whether Australia and its regions suffer from the 

Dutch disease. 

Expected Outcome: 

Australia and some of its regions may suffer from Dutch disease. Since the early 2000s, 

manufacturing value added in Australia appears to be stagnating and declining from the 

levels of about 2008 (Figure 2.17 and Table 2.7, Chapter 2). Moreover, manufacturing 

employment is seen to stagnate throughout the whole period, and to decline in the late 

2000s, indicating a possible resource movement effect of the 2000s boom. This 

coincides with the rising real exchange rate of the Australian dollar during the same 

timeframe (Figure 2.15, Chapter 2). The core model of Dutch disease explains 

deindustrialisation (or a decline in manufacturing) as a result of real exchange rate 

appreciation (spending effect) in conjunction with the movement of resources away 

from the manufacturing (tradeable) sector (resource movement effect). Thus, Dutch 
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disease (deindustrialisation) is expected in Australia as a net result of both resource 

movement and spending effects. 

The boom regions of Australia are resource-dominated economies specialising in the 

extraction and export of resources. The remaining regions are not experiencing booms 

due to their non-specialisation in production or export of resources. Therefore, it can be 

argued that some of the lagging states may be suffering from Dutch disease as a result 

of the real appreciation of the Australian dollar, which puts pressure on manufacturing. 

Figure 2.18 shows that manufacturing in some of the non-boom regions, such as NSW, 

Victoria, SA, and Tasmania, declined from about 2000, coinciding with the onset of the 

mining boom. In addition, manufacturing in Queensland is seen to have faced a sharp 

decline since the late 2000s. Data on sectoral shares presented in Table 2.7 also show 

significant relative declines in manufacturing in the above regions. Accordingly, Dutch 

disease is expected to be prevalent in some Australian regions, especially in the non-

boom regions. 

d) Is there a Dutch disease effect on agriculture in Australia and its regions? 

This research question will try to answer whether there is a Dutch disease effect of the 

mining sector on agriculture in Australia nationally and regionally. A quantitative 

approach will be taken to answer these research questions and appropriate econometric 

model and methodologies based on prior literature are used to determine whether there 

is any adverse effect of the mining boom on agriculture in Australia and its regions. 

Expected Outcome: 

As for the manufacturing sector, Australian agriculture is seen in Figure 2.17 and Table 

2.7 (in Chapter 2) to face a slowdown and/or decline in the period subsequent to the 
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2000s mining boom. Figures 2.18 and Table 2.7 (Chapter 2) also show that value added 

in agriculture may have declined sometime in the post (2000s) mining boom period in 

some of the regions, particularly NSW, Victoria, Queensland, WA, and SA. In addition, 

employment in the agriculture sector is seen to decline in Australia nationally, 

indicating that resources may be moving away from the agriculture sector, possibly to 

the mining sector. Interestingly, value added in agriculture faces a decline in all of the 

large regions including the boom regions. This could be an indication that the resource 

movement effect is stronger in the regional agriculture sectors, which is likely to be due 

to relatively low productivity in the sector. Moreover, the cost of transportation and 

perishability of many agricultural products may also be a contributing factor to 

agriculture being more susceptible to exchange rate appreciations (spending effect). 

Consequently, the mining sector is expected to adversely affect the agriculture sector of 

Australia. As such, Dutch disease is expected to affect agriculture in Australia 

nationally and in some of its regions. 

 

3.4 Concluding Comments 

In this chapter, the literature relevant to the ELG analysis and Dutch disease is 

presented. The reviewed literature has been chosen based on its relevance to the ELG 

hypothesis and Dutch disease in Australia. This survey of the literature leads us to 

believe that gaps in the literature exist with regard to testing the ELG hypothesis and the 

Dutch disease in Australia, especially at the regional level. Four research questions have 

been identified from the identified gap areas in the literature, including testing the ELG 

hypothesis at a regional level, testing the ELG hypothesis by export sectors at a regional 
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level, testing Dutch disease (deindustrialisation) at the national and regional levels, and 

testing the Dutch disease effect on agriculture at the national and regional levels. 

Identification of these four research questions, thus, indicates the need for an empirical 

analysis relevant to each research question. In Chapters 4 and 5, the validity of the ELG 

hypothesis is tested at the national and regional levels, respectively. In Chapter 6, the 

ELG analysis is conducted at the disaggregated level for four broad export sectors, 

Agriculture, Mining and Fuels, Manufacture and Other, nationally and regionally. 

Chapters 7 and 8 investigate the harmful effects of the mining sector by testing whether 

the manufacturing and agriculture sectors face a decline nationally and/or regionally in 

Australia. 

  





119 
 

Chapter 4: Export-Led Growth in Australia 

 

4.0 Introduction 

Australia’s robust economic performance in recent times is generally attributed to 

intermittent booms in minerals and resources exports. The Australian economy has 

experienced numerous mining booms over the past 50 years. After a minor boom in the 

late 1960s, a relatively significant mining boom occurred in the 1980s, was later 

followed by an unprecedented mining boom in the early 2000s fuelled by high demand 

for minerals, especially from emerging markets such as China. 

As an overview of the changing economic situation in Australia, we present the 

summary characteristics of some of the economic indicators in 1961, 1981, 2000, and 

2012 (see Table 4.1). The Australian population has increased at a steady rate from 

10.48 million in 1961 to 22.72 million in 2012. The Australian GDP has increased from 

A$249,246 million in 1961 to A$554,392 million in 1981, A$1,036,570 million in 2000 

and A$1,486,072 million in 2012 (ABS, 2013a), with GDP growth rates increasing 

from 2.40% in 1961 to 3.61% in 2012, respectively. 

Table 4.1: Economic indicators, Australia, 1961, 1981, 2000 and 2012 
Indicator 1961 1981 2000 2012 
(1) (2) (3) (4) (5) 
Population (in millions) 10.48 14.92 19.03 22.72 
GDP (A$ million) 249,246 554,392 1,036,570 1,486,072 
GDP growth rate (%) 2.40 3.36 3.90 3.61 
GDP per capita (A$) 23,776 37,149 54,474 65,997 
Goods exports (A$ million) 19,502 62,225 222,360 311,249 
Goods imports (A$ million) 14,601 37,659 127,365 308,583 
International trade (% of GDP) 13.68 18.01 33.74 41.71 
Source: ABS (2013a), ABS (2013b), ABS (2013d), and ABS (2013e). 
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Australia’s real merchandise exports have had a remarkable growth, rising from 

A$19,502 million in 1961 to A$62,225 million in 1981, A$203,965 million in 2000, and 

A$311,249 million in 2012. Imports have also increased from A$14,601 million in 1961 

to more than twentyfold at A$308,583 million in 2012. International trade (as a 

percentage of GDP) has increased from 13.68% in 1961 to 18.01% in 1981, 33.74% in 

2000, and 41.71% in 2012. These indicators point in the direction of a country with very 

high economic performance. 

Figure 4.1 presents the graph of the GDP and exports for Australia during the period 

from 1960 to 2012. GDP has had a steady increase during the sample period, while 

exports have also been on the increase and the rate of increase has been growing 

steadily since 1980.  Overall, it can be noted that Australia’s exports and economic 

performance improved significantly during the periods of mining booms that took place 

in the early 1980s and 2000s. 

Figure 4.1: Australian GDP and exports, 1960-2012 

 
Source: ABS (2013a) and ABS (2013e). 
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This remarkable performance of the Australian economy, coupled with intermittent 

mining booms, suggest the possibility that exports may be playing a role in driving 

economic growth: the phenomenon of Export-Led Growth (ELG). 

The review of the literature on ELG, presented in Chapter 3, found that the five major 

studies on ELG for Australia, are mostly outdated (Paul and Chowdhury, 1995; 

Bodman, 1996; Shan and Sun, 1997; Moosa, 1999; and Cuaresma and Wörz, 2005). 

Paul and Chowdhury (1995), who use, the GDP and exports data from 1949 to 1991 to 

test for ELG in Australia, find that a short-run ELG exists in Australia.  

Bodman (1996) looks at the role of exports in driving economic growth in Australia and 

Canada. The results reveal that Granger causality runs from exports to labour 

productivity, validating the ELG hypothesis for both Australia and Canada. Shan and 

Sun (1997) test data on manufacturing output growth, export growth, labour growth, 

imports growth, and capital growth (investment) for causality using the Toda-

Yamamoto Granger causality test (1995), but do not find any evidence of causality 

running from exports growth to manufacturing output growth. Moosa’s (1999) 

multivariate structural time series analysis, using annual Australian GDP and exports 

data spanning from 1900 to 1993, does not find any evidence for either short-run or 

long-run causality between Australian GDP and exports. Cuaresma and Wörz (2005) 

find support for ELG in Australia and a list of 44 other countries. Hence, the literature 

with regard to ELG in Australia does not reach consensus and is sensitive to the time 

period used, the model and the econometric technique specifications. The studies 

identified above also do not perform their analysis using recent data. 

This chapter empirically explores whether Australia has experienced an export-led 

economic growth since the onset of the mining boom. ELG, typically observed in open 
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economies, aims to achieve higher economic growth through productivity 

enhancements brought about by exports (Kavoussi, 1984). The 1987 World 

Development Report underscores the observation that ‘rapid growth and efficient 

industrialization are usually associated with outward-oriented [export-oriented] policies 

on trade’ (World Bank, 1987). 

This chapter is structured as follows. Section 4.1 specifies the various models generally 

used in the literature for testing the ELG hypothesis. Section 4.2 outlines the data 

sources and gives the details of employed methodologies. Section 4.3 provides the 

estimation results and their implications, and Section 4.4 provides a comparison of the 

specified models and elects a model based on some criteria. Section 4.5 gives the 

concluding comments. 

 

4.1 Model Specification 

The extensive literature review considered the models used to test for ELG for a number 

of developed countries (see Section 3.1). In this section, we briefly describe the four 

popular models to be used in this chapter to test the ELG hypothesis. Detailed 

information on the models is provided in Appendix A4.1. In Section 4.3.2, variables 

relevant to each of the following four models are plotted using Australian national level 

data. 

4.1.1 Cobb-Douglas model 

Many ELG studies have derived their models from the standard aggregate production 

function known as the Cobb-Douglas function (1928), the first studies which use 

variants of the original Cobb-Douglas model include Awokuse (2003) for Canada, 
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Herzer et al. (2006) and Siliverstovs and Herzer (2006) for Chile, and Awokuse (2008) 

for Argentina, Colombia, and Peru. The log-linear specification of the Cobb-Douglas 

model, based on McFadden (1963) and Sato (1967), can be written as 

ln 𝑌𝑡 = 𝑐 + 𝛾ln 𝑋𝑡 + 𝛿ln 𝑀𝑡 + 𝛼ln 𝐾𝑡 + 𝛽ln 𝐿𝑡  + 휀        (4.1) 

where, c is an intercept term, Yt is aggregate output/income (GDP), Xt is exports, Mt is 

imports, Kt is capital, and Lt is labour. Further details about the Cobb-Douglas model 

are presented in Appendix A4.1.1. As the model is in double-log form, γ, δ, α, and β, are 

elasticities of GDP with respect to exports, imports, capital, and labour force 

respectively.  To test for ELG in Australia using model (4.1), requires estimation of the 

model, then checking whether the export coefficient  is significantly positive. 

4.1.2 Feder model 

Feder’s (1983) model, developed to test ELG, has been used in a number of studies, 

such as Feder (1983) and Cuaresma and Wörz (2005), that consider the positive external 

effects of exports on production in the non-export sectors.  

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑖𝐺𝐷𝑃𝑡 + 𝛽 ∙ 𝑔𝐿𝑡 + 𝛾 ∙ 𝑔𝑋𝑋𝐺𝐷𝑃𝑡 + 휀𝑡       (4.2) 

where, gY and gL denote the growth rates of GDP and the labour force, respectively; 

iGDP is the ratio of investment (change in capital stock) to GDP; gXXGDP is the 

growth rate of exports multiplied by the share of exports in GDP (i.e. weighted growth 

rate of exports). Details of the derivation of the model as described in Feder (1983) can 

be found in Appendix A4.1.2. Equation (4.2) can be estimated to test the ELG 

hypothesis. 

As it is not possible to compute the productivity differentials using equation (4.2), it is 

augmented with the (unweighted) growth rate of exports, gX, to calculate the 
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productivity differentials and positive externality effects. In this equation, θ represents 

the inter-sectoral externality effect, which can be substituted in the estimated value of 

ϑ=(δ/(1+δ)–θ) to obtain productivity differential effects between exports and non-

exports sectors. 

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑖𝐺𝐷𝑃𝑡 + 𝛽 ∙ 𝑔𝐿𝑡 + 𝜗 ∙ 𝑔𝑋𝑋𝐺𝐷𝑃𝑡 +  𝜃 ∙ 𝑔𝑋𝑡 + 휀𝑡     (4.3) 

To analyse the validity of the ELG hypothesis for Australia using equation (4.2), we test 

whether the export coefficient  is significantly positive. 

4.1.3 Endogenous growth equation 

We specify a model that is based on the endogenous growth theory. The endogenous 

growth theory incorporates the “learning by doing” effect, originally been put forward 

by Arrow (1962) and extended further by Romer (1986). The endogenous growth 

equation is based on the AK growth model and includes the growth rate of GDP (gY) as 

a function of growth rates of exports (gX) and capital (gK). 

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑔𝑋𝑡 + 𝛽 ∙ 𝑔𝐾𝑡 + 𝑡         (4.4) 

Appendix A4.1.3 gives a detailed derivation of this model. We test whether the export 

coefficient β is significantly positive in the estimated model (4.4) to ascertain the 

presence of ELG in Australia. 

4.1.4 Tang-Lai-Ozturk13 (TLO) model 

We consider the following model, which is based on Tang et al. (2015), to analyse 

ELG, in which GDP (Y) is a function of exports (X) and the real exchange rate (RER). 

Variants of this specification have also been used by Glasure and Lee (1999), Dash 

                                                 
13 We refer to the model used by Tang et al. (2015) as TLO model, reflecting the author names. 
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(2009), Nain and Ahmad (2010), and Agrawal (2014). The TLO model can be written in 

a double-log form as 

ln 𝑌𝑡 = 𝛽0 + 𝛽1 ln 𝑋𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 휀𝑡        (4.5) 

Appendix A4.1.4 provides a detailed derivation of this model. This model is also in 

double-log form, similar to the Cobb-Douglas model. The coefficients β1 and β2 

represent elasticities of GDP with respect to exports and RER respectively. We test 

whether the export coefficient β1 is significantly positive in the estimated model (4.5) to 

ascertain the presence of ELG in Australia. 

  

4.2 Methodology 

4.2.1 Test of stationarity 

The stationarity of the model variables is tested prior to model estimation by using the 

Augmented Dickey-Fuller (ADF) unit root test in order to avoid any spurious results 

(Dickey and Fuller, 1979; Said and Dickey, 1984). The ADF test is carried out on the 

following general model, which includes an intercept: 

𝛥𝑦𝑡  =  𝛼 +  𝛽 +  𝛾𝑦𝑡−1  +  𝛿1𝛥𝑦𝑡−1  +  … + 𝛿𝑝−1𝛥𝑦𝑡−𝑝+1  +  휀𝑡     (4.6) 

Lagged first differences of yt are added to make sure that the residuals do not suffer 

from autocorrelation (Hill et al., 2008a). The null, H0: γ = 0 (yt is non-stationary) is 

tested against the alternative HA: γ < 0 (yt is stationary). The test statistic is estimated 

using the following formula and then compared to the critical values given by 

MacKinnon (1996): 

𝐷𝐹𝜏  =  
�̂�

𝑆𝐸(�̂�)
            (4.7) 
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If the estimated test statistic is lower than the relevant critical value, then the null of 

variable non-stationarity is rejected in favour of stationarity. Equation (4.6) may be 

augmented by including a trend term (T) to capture trend-like movements in the time 

series. 

Robustness of the ADF test results is checked by the Zivot-Andrews (1992) test to 

avoid any false detection of unit roots due to structural breaks. The Zivot-Andrews test 

involves testing the null of a unit root in series against the alternative of a stationary 

series with an endogenously determined structural break. Perron (1989) discusses the 

issue of the “structural break”, which is a sudden change in the level (intercept) or 

slope, in time series data, and how this phenomenon can result in non-rejection of the 

null of a unit-root in standard unit-root tests. A deduction from this evaluation of the 

Nelson-Plosser (1982) data is that most macroeconomic series show the presence of a 

unit root due to structural breaks. The presence of such a break in the data series may 

result in ADF tests not rejecting the null hypothesis of a unit root. 

The Zivot-Andrews (1992) unit root test, which builds on Perron’s (1989) models, 

overcomes this by allowing for one endogenously determined structural break in the 

intercept and/or trend of the series. This test considers the null of a unit root in the series 

against the alternative of stationarity with an endogenously determined structural break. 

It is not necessary to conduct the Zivot-Andrews test on variables that are stationary in 

level form because there is no question in such a case of accepting a false null 

hypothesis (type II error) of non-stationarity caused by a possible structural break under 

the ADF test. In addition, if the ADF unit root test results confirm that all the variables 

are stationary in level form, the Ordinary Least Squares (OLS) procedure may be used 
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for estimating the specified linear models and the coefficient estimates can be used to 

test for the significance of the coefficients. 

4.2.2 Test of cointegration 

If the model variables are non-stationary in level form, but are all stationary in first-

difference form, i.e., I(1), then the relationship may not be spurious if the variables are 

cointegrated. The Engle-Granger test developed by Engle and Granger (1987), Johansen 

test developed by Johansen (1991), or the Autoregressive Distributed Lag (ARDL) 

bounds test developed by Pesaran et al. (2001) can all be used for testing cointegration. 

These three tests for cointegration are applicable only when there are no structural 

breaks in the data. If a structural break in any variable is detected by the Zivot-Andrews 

test, cointegration tests that allow for a break in the cointegrating relationship have to be 

implemented. Examples of such tests include the Arai-Kurozumi (Arai and Kurozumi, 

2007; Kejriwal, 2008) and Gregory-Hansen (Gregory and Hansen, 1996a, 1996b) 

cointegration tests. Other nonlinear cointegration techniques include the threshold 

cointegration test which allows for an asymmetric adjustment mechanism in which 

disequilibrium is corrected only when it crosses a certain threshold (Enders and Siklos, 

2001). 

Engel-Granger test 

The Engle-Granger cointegration test is a two-step approach in which the model is 

estimated in the first step and its residuals are obtained. In the second step, the estimated 

residuals are tested for stationarity. If the residuals are found to be stationary in level 

form, then the particular model can be found to be cointegrated. 
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Johansen’s test 

The Johansen (1991) test improves on the Engle-Granger test, as it can capture the 

presence of more than one cointegrating relationship in a particular model. This 

cointegration test involves two types of test: the trace test and the maximum eigenvalue 

test, where the inferences are slightly different. The null hypothesis for the trace test is 

that the number of cointegration vectors, r ≤ ?, while the null hypothesis for the 

eigenvalue test is r = ?. The Johansen test requires all the model variables to be 

integrated of order 1 (I(1)). Additionally, the Johansen test is an asymptotic test and 

may not be valid for applications with small sample size. 

ARDL bounds test 

If the model variables are a combination of I(0) and I(1) and there are no structural 

breaks in the data, then Engle-Granger and Johansen’s cointegration tests cannot be 

used. In this case, we can use only the ARDL cointegration approach. However, the 

ARDL procedure is inapplicable if any of the variables are I(2) or higher since the 

critical values provided in Pesaran et al. (2001) become invalid. The ARDL bounds test 

approach also has other advantages: it allows variables to have different optimal lags, 

which is not possible with other cointegration tests; it effectively corrects the 

endogeneity of regressors; and it has good small sample properties as shown by Monte-

Carlo simulations (Pesaran and Shin, 1999). 

To explain the ARDL bounds test, a Vector Autoregression (VAR) of order p, is 

specified in the following function based on Pesaran et al. (2001): 

𝒛𝑡 = 𝝓 + ∑ 𝜽𝑖

𝑝

𝑖=1

𝒛𝑡−𝑖 + 𝒖𝑡 (4.8) 
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Here zt is a vector of both xt and yt, where yt is the dependent variable defined as 

aggregate income/output (Y) and xt is a vector of explanatory variables. θi is a matrix of 

VAR parameters to be estimated, ut is a vector of white noise error terms, and ϕ is a 

vector of intercept terms. In the ARDL model, the variables may be either purely I(0), 

purely I(1) or mutually integrated (Pesaran et al., 2001). A Vector Error Correction 

Model (VECM) can be generated from equation (4.8) as follows: 

𝛥𝒛𝑡 = 𝝓 + 𝜫𝒛𝑡−1 + ∑ 𝜶𝑖

𝑝−1

𝑖=1

𝛥𝒛𝑡−𝑖 + 𝒖𝑡 (4.9) 

where, ∆ is the difference operator, Π is the long-run multiplier matrix, and αi is the 

short-run coefficient matrix. Π can be partitioned as: 

𝜫 = [
𝜋𝑦𝑦𝜋𝑦𝑥

𝜋𝑥𝑦𝜋𝑥𝑥
] = − (𝑰 − ∑ 𝜽𝑖

𝑝

𝑖=1

) (4.10) 

where, I is a 2 × 2 identity matrix. If no restrictions are placed on the diagonal elements 

of the matrix Π, the respective series can be either I(0) or I(1). That is, y is I(1) if 𝜋𝑦𝑦 =

0 and I(0) if 𝜋𝑦𝑦 < 0. Similarly, x is I(1) if 𝜋𝑥𝑥 = 0 and I(0) if 𝜋𝑥𝑥 < 0. To perform the 

ARDL bounds test in a two variable case, we consider (4.9) in the following linear 

form: 

∆ ln 𝑦𝑡 = 𝛼0 + 𝛼1 ln 𝑦𝑡−1 + 𝛼2 ln 𝑥𝑡−1 + ∑
𝑖

𝑎

𝑖=1

∆ ln 𝑦𝑡−𝑖 + ∑ 
𝑖

𝑏

𝑖=0

∆ ln 𝑥𝑡−𝑖

+ 𝑢𝑡 , 

(4.11) 

where ∆ is the first-difference operator, a and b are lag lengths for lagged differenced 

regressors, and ut is a white-noise disturbance term which is independent and identically 

distributed (iid). This equation is employed to estimate the level relations as suggested 

by Pesaran and Shin (1999). Model lag selection is based on Akaike (1974) Information 
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Criterion (AIC) or Schwarz (1978) Criterion (SC) to obtain a sufficiently high lag order 

for testing whether a level cointegrating equation exists. The null in this approach to 

cointegration, which involves an F-test on the level parameters, is given below: 

𝐻0:  𝛼1  =  𝛼2  =  0   (No long-run relationship or cointegration) 

𝐻𝐴: At least one αi ≠ 0, i = 1, 2. (Long-run relationship or cointegration present) 

The F-test statistic has a non-standard distribution that depends upon (i) the order of 

integration (I(0) or I(1)) of the variables included in the ARDL model, (ii) the number 

of regressors, (iii) whether the ARDL model contains an intercept and/or a trend, and 

(iv) the sample size. To determine whether cointegration is present in the model, the 

computed F-statistic is compared with asymptotic critical values provided in Pesaran et 

al. (2001), if the sample size is large, and compared with finite-sample critical values 

simulated by Narayan (2005), if the sample size is small. If the estimated test statistic is 

greater than the upper bound critical value, the null hypothesis is rejected and the 

presence of a long-run relationship in the model can be concluded. If the calculated F-

statistic is less than the lower bound critical value, the null hypothesis is not rejected 

and no cointegration is detected. However, if the computed F-statistic falls between the 

two critical bounds, the test is inconclusive. 

Since the ARDL bounds test can be applied to variables of mixed orders of integration 

(in which the highest order of integration is ≤1), it is our preferred method of testing for 

cointegration. 

Gregory-Hansen test 

 The Gregory-Hansen test is a residual-based cointegration test that allows for an 

endogenously determined structural break in the cointegrating relationship. This test 

includes estimation of an augmented model that accounts for one structural break by 
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including a dummy variable. The residuals obtained from the estimated model are tested 

for non-stationarity using a technique that trims a small fraction of the data at two ends 

and each of the remaining observations are potential break points. The break point is 

chosen by carrying out the ADF (1979) and Phillips (1987) Zα and Zt statistics and 

choosing the smallest test statistic. 

Arai-Kurozumi test 

The A-K test, also a residual-based cointegration test, allows for breaks in the 

cointegrating relationship in the model. The Arai-Kurozumi (A-K) test improves on the 

Gregory-Hansen test by estimating the augmented model (based on the original model) 

using Dynamic OLS. The Dynamic OLS is known to be able to handle variables that 

have mixed orders of integration and can effectively correct for regressor endogeneity. 

In addition, the A-K test may be used to test for cointegration in a model with multiple 

structural breaks. However, in this thesis, we consider the case of one structural break 

with two right hand side exogenous variables.  In this version of the A-K test, one 

endogenously determined structural break in the cointegrating relationship is controlled 

for by inclusion of a dummy variable. Further details can be found in Arai and 

Kurozumi (2007). 

Threshold cointegration 

Many time-series cointegration techniques such as the ARDL bounds test and 

Johansen’s test allow for a linear cointegrating vector in which the corresponding ECM 

returns to equilibrium at every time period (Balke and Fomby, 1997). However, it is 

possible that a cointegrated system does not uniformly return to equilibrium across all 

periods. Threshold cointegration techniques allow for an asymmetric return to 

equilibrium in which disequilibrium is corrected only when it crosses a certain threshold 
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(Enders and Siklos, 2001). This asymmetric adjustment mechanism may be present due 

to fixed costs of adjustment faced by economic agents and government policy 

interventions. Examples of fixed costs of adjustments include the case of behaviour of 

inventories, money balances, consumer durables, prices, and employment while that of 

policy intervention include exchange rate management and commodity price 

stabilisation by central banks (Balke and Fomby, 1997; Enders and Siklos, 2001). 

4.2.3 Model Reliability and Stability Tests 

To ascertain the reliability of the results, we perform diagnostic tests on our estimated 

models. The list of tests to be conducted include the Breusch-Godfrey test for serial 

correlation, the Breusch-Pagan-Godfrey test for heteroscedasticity, the Ramsey RESET 

test for functional misspecification, and the Jarque-Berra test for residual normality. 

The Breusch-Godfrey test, a Lagrange multiplier test for serial correlation, is performed 

by estimating an auxiliary regression of the residuals from the original equation. This 

test has a null hypothesis of no serial correlation in the original model. The Breusch-

Pagan (1979) heteroscedasticity test has a null hypothesis of no heterescedasticity (or 

homoscedasticity). This test for heteroscedasticity is carried out by estimating an 

auxiliary regression on the squared residuals from the original linear equation. The 

Ramsey RESET test is a general test for functional misspecification which involves 

estimation of an augmented function (based on the original model) that includes omitted 

variables. The null under this test is of correct functional specification. Lastly, the null 

hypothesis under the Jarque-Berra test is that of normality of residual and the test 

statistic follows the χ2 distribution with two degrees of freedom. This test statistic is 

based on the skewness and kurtosis of the residuals. 
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The structural stability of the selected model coefficients is then tested using the 

Cumulative Sum (CUSUM) and Cumulative Sum of Squares (CUSUMSQ) tests on the 

recursive residuals. Brown et al. (1975) explain the use of CUSUM to identify 

systematic changes in the regression coefficients as well as the use of CUSUMSQ to 

identify the regression coefficients’ abrupt changes from constancy. 

4.2.4 Test for the direction of causality 

If cointegration exists, the direction of causality is tested between model variables using 

the Granger (1969) causality test in the next step. 

The direction of causality is tested between model variables by estimating a VECM, 

which includes a lagged Error Correction Term (ECT) and first-differenced variables of 

cointegrated equations, to carry out the Granger causality tests. The VECM generated 

from the ARDL test includes estimation of the following general system of equations: 

∆ ln 𝑦𝑡 = 𝜃1 + ∑ 𝜗1𝑖

𝑛

𝑖=1

∆ ln 𝑦𝑡−𝑖 + ∑ 𝛾1𝑖

𝑛

𝑖=1

∆ ln 𝑥𝑡−𝑖 + 𝛿1𝐸𝐶𝑇1,𝑡−1 + 휀1𝑡 (4.12) 

∆ ln 𝑥𝑡 = 𝜃2 + ∑ 𝜗2𝑖

𝑛

𝑖=1

∆ ln 𝑥𝑡−𝑖 + ∑ 𝛾2𝑖

𝑛

𝑖=1

∆ ln 𝑦𝑡−𝑖 + 𝛿2𝐸𝐶𝑇2,𝑡−1 + 휀2𝑡 (4.13) 

where, n is the lag length. If, however, cointegration is not present in any of the 

equations, the particular equation in the above system of equations is estimated with 

variables in first differences without an error correction term to carry out the Granger 

causality test. The Granger causality test (1969) when there is no cointegrating equation 

involves estimating the following set of equations: 

Δ ln 𝑦𝑡 = 𝜃1 + ∑ 𝜗1𝑖Δ ln 𝑦𝑡−𝑖

𝑛

𝑖=1

+ ∑ 𝛾1𝑖Δ ln 𝑥𝑡−𝑖

𝑛

𝑖=1

+ 𝜇1𝑡 (4.14) 
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The null hypothesis is that there is no causality from x to y, 𝐻0: 𝛾1𝑖 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖. The 

disturbances, ε1t and μ1t, are assumed to be uncorrelated. 

Δ ln 𝑥𝑡 = 𝜃2 + ∑ 𝜗2𝑖Δ ln 𝑥𝑡−𝑖

𝑛

𝑖=1

+ ∑ 𝛾2𝑖Δ ln 𝑦𝑡−𝑖

𝑛

𝑖=1

+ 𝜇2𝑡 (4.15) 

The null hypothesis in this case is no causality from y to x - 𝐻0: 𝛾2𝑖 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 =

1, … , 𝑛. The disturbances, ε2t and μ2t, are assumed to be uncorrelated. The test-statistic 

for the null hypothesis follows an F-distribution and is calculated using 𝐹 =

 
(𝑆𝑆𝐸𝑅 − 𝑆𝑆𝐸𝑈) 𝑛⁄

𝑆𝑆𝐸𝑈 (𝑁−2𝑛+1)⁄
 ∼  𝐹(𝑛,𝑁−2𝑛+1), where SSER is the restricted sum of squared errors, SSEU 

is the unrestricted sum of squared errors, and N is the number of observations (Hill et 

al., 2008b). 

In addition to testing for non-linearity in a cointegrating vector, Granger non-causality 

may be tested in a non-linear framework as proposed by Hiemstra and Jones (1994). 

However, Diks and Panchenko (2006) show that rejection of the null hypothesis under 

the Hiemstra-Jones test does not imply direction of causality. This is because the 

Hiemstra-Jones test is a test of the validity of a certain conditional probability. 

Furthermore, Diks and Panchenko’s (2006) simulation shows that the Hiemstra-Jones 

test tends to reject the null of non-causality despite the absence of an actual direction of 

causality. This makes the non-linear Granger causality test highly susceptible to type I 

error (incorrect rejection of null hypotheses). 

4.2.5 Estimation of a long-run equation 

If the variables in the model are cointegrated, a long-run equilibrium exists in the 

equation. In such a case, a long-run equation can be estimated. To show that ELG exists 

in Australia, the model has to have long-run equilibrium (cointegration); long-run 
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causality also has to run from exports (X) to aggregate income/output (Y). However, if 

there is no cointegration in the model and/or if short-run causality runs from X to Y, we 

can conclude that there is a short-run ELG. If these equations are in double-log form, 

the coefficient estimates represent the implied long-run elasticities of the dependent 

variable with respect to each of the explanatory variable. For example, the implied 

elasticity of GDP (Y) with respect to exports in equations (4.1) and (4.5), indicates the 

proportional change in GDP brought about by a change in exports. The sign of this 

particular elasticity is expected to be positive. 

 

4.3 Preliminary Data Analysis 

4.3.1 Data sources 

This section describes the data sources required for testing the ELG hypothesis in 

Australia nationally using our four specified models. The dataset includes annual data 

ranging from 1961 to 2012, except for data on labour force, the real exchange rate, and 

terms of trade, which are available only from 1981 to 2012. Therefore, the endogenous 

growth equation will use data for the period 1961-2012, but the other models will use 

data for the shorter period 1981-2012.  

Data on GDP are taken from National Accounts of the Australian Bureau of Statistics 

(ABS, 2013a). Since exports (X) are a component in the calculation of aggregate income 

or GDP (Y) in level form, this may lead to high correlation between exports and GDP 

even when there is no productivity improvement from exports (Herzer et al., 2006; 

Siliverstovs and Herzer, 2006). Therefore, in the Cobb-Douglas and TLO models, it is 

appropriate to analyse the effect of exports on GDP Net of Trade or Domestic Final 
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Demand (DFD), denoted by NY, rather than on GDP (Y). The Domestic Final Demand 

(NY) is obtained from ABS’s ‘National Accounts’ (ABS, 2013a). However, as we are 

considering only the growth rates in the Feder and endogenous growth equations, it is 

sufficient to use the GDP growth rates.  

Data for Australian national exports and imports are obtained from ‘Balance of 

Payments and International Investment Position Statistics’ by the ABS (2013e). Real 

Gross Fixed Capital Formation (GFCF) is used as a proxy for capital (K) and obtained 

from ‘National Accounts’ by the ABS. The labour force (L) data are obtained from 

‘Labour force, Australia’ of the ABS (2013h). Data with regard to Australia’s Terms of 

Trade (TOT) are collected from ‘Balance of Payments and International Investment 

Position Statistics’ by the ABS (2013e). The M2 money supply and Real Interest Rate 

(RIR) data are gathered from the World Bank’s ‘World Development Index’ website 

(World Bank, 2014). The Real Exchange Rate (RER) is taken from the Reserve Bank of 

Australia (RBA, 2013). The RBA calculates Australia’s RER using a Nominal Exchange 

Rate (NER) and multiplying it with the ratio of the price level of Australia to that of the 

trading partner (RBA, 2001): 

𝑅𝐸𝑅𝑡  =  𝑁𝐸𝑅𝑡  ×  
𝑃𝑑,𝑡

𝑃𝑓,𝑡
        (4.16) 

where Pd,t and Pf,t are domestic and foreign price levels measured by the Consumer 

Price Index (CPI) of each country. An increase in the RER index indicates a real 

exchange rate appreciation and vice-versa. 
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Some of these above data series, including exports, imports, labour force, and the RER, 

are quarterly14 and seasonally unadjusted, which may contain significant seasonal 

effects. These series are then seasonally adjusted using an appropriate method congruent 

with that of the ABS. Details of the seasonal adjustment procedure, as presented on the 

ABS website, are provided in Appendix A4.2. The seasonally adjusted quarterly series 

are then converted into annual series by either summing (exports and imports) or taking 

an arithmetic mean (labour force and RER) of the four quarters in the relevant fiscal 

year. 

4.3.2 Graphical description of the model variables 

Firstly, the Cobb-Douglas model (4.1) variables are plotted to gauge their movements 

and possible association with each other in Figure 4.2. All five Cobb-Douglas variables 

– Domestic final demand (NY), exports, imports, capital, and labour – appear to be 

trending upwards. The similarities in these movements allude to a possible long-term 

relationship between the variables. However, there is no visual indication of any break 

in these level variables from the Cobb-Douglas model. 

The variables for the two Feder models are plotted in Figure 4.3. The plot shows 

similarities between GDP growth rate (gY) and weighted exports growth (gXXGDP). 

Furthermore, the overall trends of these two variables appear to remain stable 

throughout the entire time period. Capital as a share of GDP (iGDP) and labour force 

growth rate (gY) also have similar trends, compared to that of gY. 

 

                                                 
14 The four quarters in each calendar year include March (Q1), June (Q2), September (Q3), and December 
(Q4). The Australian fiscal year starts from Q3 of a calendar year through to Q2 of the following calendar 
year, (e.g., FY2012=2011:Q3+2011:Q4+2012:Q1+2012:Q2). 
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Figure 4.2: Domestic Final Demand, Exports, Imports, Capital, and Labour Force, 
Australia, 1981-2012 (Cobb-Douglas Model) 

 

 

Figure 4.3: Growth rates of GDP, Labour and Exports, Ratio of Investment to 
GDP, Australia, 1981-2012 (Feder Model) 

-8

-4

0

4

8

12

16

-2

-1

0

1

2

3

4

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

GY IGDP GL GXXGDP GX

gY
, g

X
, a

nd
 g

X
X

G
D

P 
(%

)
iG

D
P and gL (%

)

 

 

Next we plot the endogenous growth equation variables in Figure 4.4. It can be seen 

from the figure that there are varying but generally positive rates of growth for all three 

variables throughout the sample period. GDP growth rate has been fluctuating between 
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–2% and 6%, exports have been growing at a rate between –6% and 17%, while capital 

growth rate fluctuates between –10% and 12%. All three growth rates are positive since 

2000, which points to high performance of the Australian economy due to the mining 

boom that it underwent in the early 2000s. 

Figure 4.4: Growth rates of GDP, Exports and Capital, Australia, 1961-2011 
(Endogenous growth equation) 

 

 

The variables pertaining to the TLO model – DFD (NY), Exports (X) and Real Exchange 

Rates (RER) – are plotted in Figure 4.5 to observe the co-movements. Here also, as 

discussed previously, we have replaced Y by NY (GDP net of trade or DFD). The 

Australian DFD and exports have been increasing at a steady rate throughout the sample 

period. The similarities in movement allude to a possible long-term relationship 

between the two variables. As can also be seen, the RER has been fluctuating between 

1981 and 2000 but has been steadily increasing since 2001, coinciding with the 2000s 

mining boom. We also do not find any visual indication of any structural breaks in any 

of the TLO model variables. 
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Figure 4.5: Domestic Final Demand, Exports, and the Real Exchange Rate, 
Australia, 1981-2012 (TLO model) 

 
 

 

4.4 Empirical Results 

4.4.1 Cobb-Douglas model 

A log-linear specification of the Cobb-Douglas model given in (4.1) is reproduced here 

with Y replaced with NY, (see Section 4.3.2 for details): 

ln 𝑁𝑌𝑡 = 𝑐 + 𝛾ln 𝑋𝑡 + 𝛿ln 𝑀𝑡 + 𝛼ln 𝐾𝑡 + 𝛽ln 𝐿𝑡 + 휀    (4.17) 

The model is estimated using the standard OLS method. Prior to estimation, we test for 

the stationarity and cointegration of the model variables, and then for the direction of 

causality among the variables. 

Test of stationarity 

Our empirical analysis begins with testing the model (4.17) variables for stationarity 

using the ADF unit root test. The ADF test results for the model variables in level form 

and first-difference form are presented in columns (2) and (3), respectively, of Table 
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4.2. Stationarity for each variable is rejected in level form but is not rejected in their 

first difference form. This shows that our model variables are integrated of order 1 or 

I(1). The Zivot-Andrews unit root test is performed afterwards on these variables15 (for 

results, see Appendix A4.3.1, Table A4.1). The null hypothesis (non-stationary series 

without a structural break) is not rejected because the estimated test statistics are greater 

than the relevant critical values. Thus, all the Cobb-Douglas variables are confirmed as 

non-stationary in level form, but stationary in their first-difference form and do not 

contain any structural breaks. 

Table 4.2: ADF unit root tests – Cobb-Douglas model 
(p-values are in parentheses) 
Variable Test Statistic Order of 

integration  Level form First-difference form 

(1) (2) (3) (4) 

ln NYt –2.59 (0.29) Non-stationary –4.85 (0.00)* Stationary I(1) 

ln Xt –1.19 (0.89) Non-stationary –4.84 (0.00)* Stationary I(1) 

ln Mt    1.13 (1.00) Non-stationary –6.59  (0.00)* Stationary I(1) 

ln Kt    0.49 (0.98) Non-stationary –4.96  (0.00)* Stationary I(1) 

ln Lt  –0.50 (0.88) Non-stationary –3.23 (0.02)* Stationary I(1) 

H0: Series is non-stationary. * As p-value <0.05, reject H0 at the 5% level of significance.  
 

Test for cointegration 

The ARDL bounds test for cointegration, as described in Section 4.2.2, is applied to the 

Cobb-Douglas model with Australian data ranging from 1981 and 2012. The null and 

the alternative hypotheses for the test based, on Cobb-Douglas model variables, are 

H0: A long-run equilibrium relationship does not exist between variables (not cointegrated) 

HA: A long-run equilibrium relationship exists between variables (cointegrated)  

 

                                                 
15 We do not find any visual evidence of structural breaks in the Cobb-Douglas model variables. To 
confirm, we formally test the model variables for any possible structural breaks. 
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Table 4.3 presents the F-statistics and the critical bounds for the ARDL bounds test. The 

estimated F-statistic is greater than the relevant (small sample) critical values only when 

ln NY is the dependent variable at the 10% level of significance. No cointegration is 

detected when the dependent variable is replaced with each of the right hand side 

variables. Thus, we find only one cointegrating vector in model (4.17). That is, there is 

a long-run equilibrium relationship between ln NY and the other variables as in model 

(4.17). The estimated model passes all diagnostic tests as can be seen in Table A4.2 

(Appendix A4.3.1). This model also passes the structural stability test (described in 

Section 4.2.3), as shown in Figure A4.1 (Appendix A4.3.1). 

Table 4.3: ARDL bounds test for cointegration – Cobb-Douglas model 

Dependent variable Computed 
F-statistic Lag order 

Critical bounds 
Cointegrated? α = 5% α = 10% 

(1) (2) (3) (4) (5) (6) 
NY=f(X, M, K, L) 5.39** 1,1,1,1,0 [4.15, 5.54] [3.43, 4.62] Yes 
X=f(NY, M, K, L) 1.91 1,0,0,0,0 [4.15, 5.54] [3.43, 4.62] No 
M=f(NY, X, K, L) 3.10 2,1,1,0,1 [4.15, 5.54] [3.43, 4.62] No 
K=f(NY, X, M, L) 3.26 1,1,1,0,0 [4.15, 5.54] [3.43, 4.62] No 
L=f(NY, X, M, K) 1.90 2,0,2,2,0 [4.15, 5.54] [3.43, 4.62] No 
Reject the null hypothesis H0: No cointegration at * = 5% and ** = 10% levels of significance. Critical 
values are from Narayan (2005). 
 

 

Test for Granger causality 

For ELG to be shown in Australia, model (4.17) has to have a long-run equilibrium 

(cointegration), and a long-run causality has to run from exports (X) to domestic final 

demand (NY). However, if there is no cointegration in the model and/or if short-run 

causality runs from X to NY, we can conclude that there is a short-run ELG. 

We now carry out the Granger causality test in VECM with an error correction term 

(ECT) when ln NY is the dependent variable, as cointegration is present in this equation 
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only. For all other cases, the Granger causality test is carried out in VAR without any 

ECT. The results of these causality tests are given in Table 4.4. The results in the first 

row, when ln NY is the dependent variable, show that there is long-run causality from ln 

M and ln K to ln NY in the Cobb-Douglas model. But there is no causality from ln X to 

ln NY. The ECT in this case has a value of –0.29, which means that the system returns to 

equilibrium at an annual rate of 29 percent in response to a shock. In addition, ln X is 

caused by ln NY and ln M. On the other hand, ln M and ln K are also caused by ln NY. 

Moreover, ln L is not seen to cause any of the model variables. 

Table 4.4: Granger causality test results – Cobb-Douglas model 
(p-values are in parentheses) 
Dep. 
Var. 

∆ ln NYt ∆ ln Xt ∆ ln Mt ∆ ln Kt ∆ ln Lt ECTt-1 Direction of 
Causality 

(1) (2) (3) (4) (5) (6) (7) (8) 

∆ ln NYt - 1.56 
(0.21) 

12.89* 
(0.00) 

71.85* 
(0.00) 

0.31 
(0.58) 

–0.29* 
(0.00) 

M, K  NY 

∆ ln Xt 6.33* 
(0.04) 

- 5.08** 
(0.08) 

4.15 
(0.13) 

0.29 
(0.87) 

- NY, M,  X 

∆ ln Mt 9.26* 
(0.01) 

4.20 
(0.12) 

- 1.50 
(0.47) 

1.20 
(0.55) 

- NY  M 

∆ ln Kt 40.54* 
(0.00) 

2.25 
(0.33) 

0.17 
(0.92) 

- 1.16 
(0.56) 

- NY  K 

∆ ln Lt 0.76 
(0.68) 

1.06 
(0.59) 

0.85 
(0.66) 

0.25 
(0.88) 

- - No causality 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * As p-value <0.05, reject 
H0 at the 5% level. ** As p-value <0.10, reject H0 at the 10% level. Causality is long-run if respective 
ECT (in a cointegrating model) is negative and statistically significant; otherwise the causality is short-
run. 

 

We now proceed to estimating a long-run equation based on model (4.17). The 

estimation results are given in Table 4.5. The coefficient of ln X is seen to be positive 

and statistically significant. The coefficients of ln M, ln K, and ln L are also positive but 

only that of ln K is significant. This shows that a proportional change in ln NY with 

respect to ln X and ln K is positive. All else kept equal, a one percent increase in exports 

and capital results in 0.14 and 0.40 percent increase in NY respectively. 
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Table 4.5: Results of long-run equation (4.17) estimation using ARDL 
Model: ln 𝑁𝑌𝑡 = 𝑐 + 𝛾ln 𝑋𝑡 + 𝛿ln 𝑀𝑡 + 𝛼ln 𝐾𝑡 + 𝛽ln 𝐿𝑡 + 휀 

Coefficient  Estimates Standard errors p-value 
(1)  (2) (3) (4) 
Constant (c) 5.33* 0.64 0.00 
ln X (γ) 0.14* 0.05 0.01 
ln M (δ) 0.12 0.07 0.11 
ln K (α) 0.40* 0.08 0.00 
ln L (β) 0.09 0.15 0.55 
H0: Coefficient = 0, * If p-value <0.05, reject H0 at 5% level of significance. 

 

The coefficient of the export variable is significant, implying that there is an export-led 

growth in Australia using the Cobb-Douglas model. However, as found earlier, there is 

no causality from exports (X) to NY. These results are contradictory. In addition, as can 

be seen in Table 4.5, two out of the four regressors (ln M and ln L) have insignificant 

coefficients. The high standard errors for these variables in this model may have been 

caused by multicollinearity amongst its independent variables. 

Table 4.6 presents the pairwise correlations between the model variables. Near-perfect 

multicollinearity is evident between exports, imports, capital, and labour. This will 

result in unreliable and unstable estimates of the regression model coefficients. Further, 

the Variance Inflation Factor (VIF) was found to be extremely high. Consequently, 

using the Cobb-Douglas model for inferences about ELG may not be reliable for the 

Australian data.  

Table 4.6: Correlation matrix of the Cobb-Douglas model variables, Australia 
Variable ln NYt ln Xt ln Mt ln Kt ln Lt 
(1) (2) (3) (4) (5) (6) 
ln NYt 1.00 0.96 1.00 0.99 0.99 
ln Xt  1.00 0.96 0.93 0.97 
ln Mt   1.00 0.99 0.99 
ln Kt    1.00 0.97 
ln Lt     1.00 
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4.4.2 Feder model 

The Feder model equations, given in equations (4.2) and (4.3) introduced in Section 

4.1.2, are 

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑖𝐺𝐷𝑃𝑡 + 𝛽 ∙ 𝑔𝐿𝑡 + 𝛾 ∙ 𝑔𝑋𝑋𝐺𝐷𝑃𝑡 + 휀𝑡     (4.18) 

 
𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑖𝐺𝐷𝑃𝑡 + 𝛽 ∙ 𝑔𝐿𝑡 + 𝜗 ∙ 𝑔𝑋𝑋𝐺𝐷𝑃𝑡 +  𝜃 ∙ 𝑔𝑋𝑡 + 휀𝑡   (4.19) 

Here, the first equation (4.18) will be used to test for ELG, while estimation of the 

second equation (4.19) is required to calculate the productivity differential between the 

export and non-export sectors. In both the equations, gY, iGDP, gL, and gXXGDP 

represent GDP growth rate, investment as a ratio of GDP, labour force growth rate, and 

weighted growth rate of exports respectively. In equation (4.19), the growth rate of 

exports (gX) is added to obtain ϑ and θ which are used in the calculation of inter-

sectoral productivity differential.  

Before proceeding with the estimation, we first test for the stationarity of the model 

variables using the ADF test for unit roots. The test results for the five variables are 

presented in Table 4.7. As can be seen, the ADF unit root tests reject the null hypothesis 

of non-stationarity for each variable at the five percent level of significance. This shows 

that the Feder model variables are all stationary and integrated of order 0 (I(0)). 

Table 4.7: ADF unit root test results – Feder model variables 
(p-values are in parentheses) 
Variable Test statistic Stationarity Order of integration 
(1) (2) (3) (4) 
gYt –4.80* (0.00) Stationary I(0) 
iGDPt –4.57* (0.00) Stationary I(0) 
gLt –3.12* (0.04) Stationary I(0) 
gXXGDPt –4.50* (0.00) Stationary I(0) 
gXt –4.17* (0.01) Stationary I(0) 
H0: Series is non-stationary. * As p-value < 0.05, reject H0 at the 5% level of significance.  
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We then carry out the Granger causality test (as described in Section 4.2.4) on Feder 

equation (4.18) to examine the direction of causality in the model. The estimated 

results, provided in Table 4.8, so that there is short-run causality running from weighted 

growth rate of exports (gXXGDP) to growth rate of GDP (gY) only. Now, we carry out 

the Granger causality test on equation (4.19) and present the results in Table 4.9. Here 

too, it can be seen that there is unidirectional causality from both weighted and 

unweighted growth rates of exports (gXXGDP and gX) to gY. This also shows that there 

is no endogeneity issue in this model as no causality loops are found. 

Table 4.8: Granger causality test results – Feder model (4.18) 
(p-values are in parentheses) 
Dep. Var. gYt iGDPt gLt gXXGDPt Direction of Causality 
(1) (2) (3) (4) (5) (8) 
gYt - 0.73 

(0.49) 
1.16 

(0.33) 
2.55** 
(0.10) 

gXXGDP  gY 

iGDPt 0.52 
(0.60) 

- 0.50 
(0.61) 

1.10 
(0.35) 

- 

gLt 1.73 
(0.20) 

 - 0.01 
(0.99) 

- 

gXXGDP 0.18 
(0.84) 

0.24 
(0.79) 

0.65 
(0.53) 

- - 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * As p-value <0.05, reject 
H0 at the 5% level. ** As p-value <0.10, reject H0 at the 10% level. 

 

Table 4.9: Granger causality test results – Feder model (4.19) 
(p-values are in parentheses) 
Dep. Var. gYt 

 
iGDPt gLt gXXGDPt gXt Direction of Causality 

(1) (2) (3) (4) (5) (6) (8) 
gYt - 0.73 

(0.49) 
1.16 

(0.33) 
2.55** 
(0.10) 

2.98** 
(0.07) 

gXXGDP, gX  gY 

iGDPt 0.52 
(0.60) 

- 0.50 
(0.61) 

1.10 
(0.35) 

0.90 
(0.42) 

- 

gLt 1.73 
(0.20) 

 - 0.01 
(0.99) 

0.25 
(0.78) 

- 

gXXGDP 0.18 
(0.84) 

0.24 
(0.79) 

0.65 
(0.53) 

- 0.50 
(0.61) 

- 

gXt 0.51 
(0.61) 

0.80 
(0.46) 

0.75 
(0.48) 

1.53 
(0.24) 

- - 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * As p-value <0.05, reject 
H0 at the 5% level. ** As p-value <0.10, reject H0 at the 10% level. 



147 
 

As a result, we estimate equations (4.18) and (4.19) using OLS and Australian data from 

1981 to 2012. If there is export-led growth, the weighted export growth coefficient (γ) 

in equation (4.18) must have a positive impact on GDP growth, as such it needs to be 

positive. To test whether the Australian economy has undergone ELG, we test the 

following in equation (4.18): 

𝐻0: 𝛾 = 0     (ELG did not occur in Australia) 

𝐻𝐴: 𝛾 > 0     (ELG did occur in Australia) 

The coefficients of weighted and unweighted growth rates of exports, ϑ and θ, 

respectively, in equation (4.19) may or may not be positive, as their main purpose is to 

determine the value of the marginal productivity differential between the export and 

non-export sectors. 

The estimation results for the Feder model given by equations (4.18) and (4.19) are 

shown in Table 4.10. For equation (4.18), we can see that the estimated coefficient of 

weighted growth rate of exports (gXXGDP), γ, is statistically significant and positive. 

All else held constant, a one percentage point increase in gXXGDP increases gY by 0.74 

percentage point. This shows that marginal productivity in the export sector is higher 

than that of the non-export sector and that (weighted) export growth has a positive 

impact on GDP growth.  

Furthermore, it can be seen from the estimation results of equation (4.19) in column 3, ϑ 

is negative but statistically insignificant while the coefficient of the unweighted growth 

rate of exports (gX), θ, is positive and significant. This suggests that there is a 

considerable positive externality effect from the exports sector to the non-export sector. 
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Table 4.10: Feder model estimation results 
(p-values are in parentheses) 

Variable 
Dependent Variable: gYt 

Equation (4.18) Equation (4.19) 

(1) (2) (3) 
iGDPt 1.12 (0.00)*  1.15 (0.00)* 

gLt        0.37 (0.17)        0.29 (0.28) 

gXXGDPt 0.74 (0.00)*      –0.31 (0.53) 

gXt - 0.19 (0.05)* 

Constant        0.76 (0.27)        0.91 (0.28) 

R̅2 0.58 0.59 

Serial correlation test statistica 0.91 (0.41) 1.17 (0.33) 

Heteroscedasticity test statisticb 0.66 (0.58) 0.82 (0.52) 

Normality test statisticc 1.03 (0.60) 0.79 (0.67) 

H0: Coefficient = 0, * As p-value <0.05, reject H0 at the 5% level of significance.  a = Breusch-Godfrey 
Lagrange multiplier (LM) test of serial correlation, H0: No serial correlation; b = Breusch-Pagan LM test 
for Heteroscedasticity, H0: Model does not exhibit heteroscedasticity; and c = Jarque-Berra test for 
residual normality, H0: Residuals are normal. Reject H0 if p-value < 0.05. 
 

In the spirit of Feder, we use the point estimates (θ = 0.19 and ϑ = –0.31) to calculate 

the productivity differential (δ) using the formula: δ/(1+δ)–θ. The value of δ is –0.14, 

which indicates that the non-export sector in Australia may be more productive than the 

export sector. This may be plausible in the case of Australia, since its exports are largely 

dependent on resources. Large scale resource exports are alleged to bring about the 

issue of Dutch disease, in which the non-boom tradable sectors suffer absolute or 

relative declines. Detailed analysis of the possibility of Dutch disease in Australia is 

carried out in Chapter 7. 

Note that, iGDP has positive and significant coefficients while the coefficient of gL is 

positive but insignificant in both Feder equations. The coefficients of iGDP are also 

substantially greater than that of gXXGDP and gX with a value of 1.12 and 1.15 in 

equations (4.18) and (4.19), respectively. The insignificant coefficient of gL may be due 



149 
 

to population ageing and dwindling labour force participation rate in Australia (ABS, 

2013h). Last but not least, the estimation results of the Feder equations are reliable as 

they are free from serial correlation, heteroscedasticity, and non-normal residuals. 

4.4.3 Endogenous growth equation 

We next estimate the endogenous growth equation (4.4), which we reproduce here, to 

analyse the impact of export growth on GDP growth in Australia, 

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑔𝑋𝑡 + 𝛽 ∙ 𝑔𝐾𝑡 + 𝑡       (4.20) 

We then proceed by testing whether the model variables (gY, gX, and gK) are stationary. 

Table 4.11 contains the ADF stationarity test results and it can be seen that all three 

series are stationary in level form, i.e. integrated of order 0 or I(0). 

 
Table 4.11: ADF unit root test results – Endogenous growth equation variables, 
1981-2012 
(p-values are in parentheses) 
Variable Test statistic Stationarity Order of integration 

(1) (2) (3) (4) 

gYt –5.43 (0.00)* Stationary I(0) 

gXt –7.27 (0.00)* Stationary I(0) 

gKt –6.22 (0.00)* Stationary I(0) 

H0: Series is non-stationary. * As p-value <0.05, reject H0 at the 5% level of significance.  
 

We next test the direction of causality in the endogenous growth equation using the 

Granger causality test described in Section 4.2.4. Table 4.12 illustrates that there is one-

way causality from the growth rate of exports (gX) and capital (gK) to the GDP growth 

rate (gY) at the 10% level of significance. Here too, we fail to detect any causal loops 

and so we can conclude that there is no endogeneity issue in this model. 
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Table 4.12: Granger causality test results – Endogenous growth equation 
(p-values are in parentheses) 
Dep. Var. gYt 

 
gXt gKt Direction of Causality 

(1) (2) (3) (4) (8) 
gYt - 2.98** 

(0.07) 
2.51** 
(0.10) 

gX, gK  gY 

gXt 0.50 
(0.61) 

- 0.82 
(0.45) 

- 

gKt 0.75 
(0.48) 

0.70 
(0.50) 

- - 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * As p-value <0.05, reject 
H0 at the 5% level. ** As p-value <0.10, reject H0 at the 10% level. 

 

We can now estimate equation (4.20) using OLS. The null and alternative hypotheses 

for this model are denoted as the following: 

𝐻0: 𝛼 = 0     (ELG does not exist in Australia) 

𝐻𝐴: 𝛼 > 0     (ELG exists in Australia) 

In this section, as data are available from 1961-2012, we estimate the model to test for 

the export-led growth hypothesis for the three time periods: 1961-2012, 1961-1980, and 

1981-2012. The data period is split into two groups; where the period 1961-1980 

represents the pre-reform/mining boom period; 1981-2012 represents the post-reform 

and mining boom period. The broad economic reforms that featured during the latter 

time period include the floating of the Australian dollar in the early 1980s and trade 

policy liberalisation such as elimination of import quotas and a series of phased 

reductions in tariffs across most industry sectors (Kelly, 2000; Banks, 2005). As 

discussed, earlier in the thesis, this period also comprised two significant mining booms 

occurring in the early 1980s and later in the 2000s (Connolly and Orsmond, 2011). 

The data is split into these two periods to capture any possible effects of the policy 

changes and the mining booms that have occurred since the 1980s. The estimation 

results of the endogenous growth equation (4.20) for the three time periods are 
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presented in Table 4.13. Diagnostic test results presented in the table for the regression 

model assumptions, serial correlation, heteroscedasticity, and normality, for all three 

time periods, show that the assumptions are satisfied at the five percent level of 

significance. Consequently, the estimation results can be reliably used for inference. 

Table 4.13: Endogenous growth equation (4.20) estimation results 
(p-values are in parentheses) 
Equation: 𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑔𝑋𝑡 + 𝛽 ∙ 𝑔𝐾𝑡 + 𝑡 Estimation period 

 1961-2012 1961-1980 1981-2012 

(1) (2) (3) (4) 

Constant (c) 1.72 (0.00)* 2.00 (0.03)* 1.41 (0.00)* 

gXt (α) 0.12 (0.00)*  0.09 (0.10) 0.13 (0.00)* 

gKt (β) 0.24 (0.00)* 0.32 (0.01)* 0.23 (0.00)* 

R̅
2
 0.45 0.25 0.66 

Serial correlation test statistica 2.35 (0.11) 0.23 (0.80) 1.99 (0.16) 

Heteroscedasticity test statisticb 0.14 (0.87) 0.35 (0.71) 2.05 (0.15) 

Normality test statisticc 3.72 (0.16) 0.76 (0.65) 1.58 (0.45) 

H0: Coefficient = 0. * As p-value < 0.05, reject H0 at the 5% level of significance.  
a = Breusch-Godfrey Lagrange multiplier (LM) test of serial correlation, H0: No serial correlation; b = 
Breusch-Pagan LM test for Heteroscedasticity, H0: Model does not exhibit heteroscedasticity; and c = 
Jarque-Berra test for residual normality, H0: Residuals are normal. P-values are in parentheses. Reject H0 
at the 5% level of significance if p-value < 0.05. 
 
 
Firstly, we consider at the estimation results for the entire time period of 1961 to 2012 

which are provided in column (2) of Table 4.13. The coefficients of both exports and 

capital are positive and significant at the five percent level. Considering the coefficient 

estimates, a one percentage point increase in exports would raise GDP growth by 0.12 

percent. Similarly, GDP grows a further 0.24 percent when capital grows by one 

percentage point. These positive coefficients indicate that an increase in the growth 

rates of both exports and capital has positive impact on GDP growth (gY). The model 

for the period 1961-2012 has a reasonably good fit with an adjusted coefficient of 

determination (R̅2) of 0.45. Considering the export-led growth hypothesis for the 1961-
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2012 period, we can conclude that significant export-led economic growth exists in 

Australia. 

As discussed earlier, growth in exports has accelerated since the 1980s (see Figure 4.1). 

In the next step, we test whether export-led hypothesis is valid for the pre-1980 (pre-

economic reform and mining boom) sample period. The estimation results for this 

period 1961-1980 are given in column (3) of Table 4.13. Similar to the previous period 

of 1961-2012, gX and gK have a positive effect on gY. However, the coefficient of gX, 

which determines whether there is export-led growth, is statistically insignificant at the 

five percent level for the pre-1980 period. The coefficient of capital growth (gK) is 

statistically significant, indicating that capital growth had a significant effect on 

economic growth. Furthermore, all else being equal, a one-percentage point increase in 

capital raises GDP growth by 0.32 percentage points. The insignificance of the export 

coefficient shows that exports have not played a significant role in fostering economic 

growth in Australia during the pre-reform period of 1961 to 1980. That is, there is no 

evidence of significant export-led growth in the Australian economy during the pre-

economic reform/pre-mining boom period. 

We estimate equation (4.20) for the post-reform and mining boom period of 1981 to 

2012 and provided the results in column (4) of Table 4.13. Similar to the previous two 

estimations, the coefficients of gX and gK are both positive for the period 1981-2012. 

However, unlike in the period 1961-1980, both coefficients during 1981-2012 are 

statistically significant. This significance of the export growth coefficient shows that 

Australia had experienced export-led growth during 1981-2012. As can be seen from 

the coefficient estimates, during the post-reform period of 1981-2012, GDP grew by a 

further 0.13 and 0.23 percentage points in response to a one percentage point increase in 
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the growth of exports and capital, respectively. It can also be seen that the effect of 

capital growth during the 1981-2012 period is much lower than that during 1960-1980.  

The R̅2 for this sub-period (1981-2012) is also substantially greater (at 0.66) than that 

found in the previous two time periods (1961-2012 and 1961-1980), implying much 

better goodness-of-fit of the model for the post-1980 period. This significance of the 

export growth coefficient indicates that exports played a significant and increasing role 

in fostering economic growth in the post-reform period of 1981 to 2012. As well as the 

broad economic reforms, this post-economic reform period also includes the mining 

booms of the early 1980s and 2000s. Considering the ELG hypothesis for the 1981-

2012 period, we can conclude that there exists significant export-led economic growth 

in Australia. 

These results point in the direction that, even though ELG was supported for the overall 

sample period (1961-2012), export growth had a very high impact on the economic 

growth during the post-1980 (post-reform and mining boom period), but not during the 

pre-1980 period. This is also supported by the moderate growth in exports during pre-

1980 period and high growth in exports during the post-1980 period as seen in Figure 

4.1. 

 

4.4.4 Tang-Lai-Ozturk model 

We now proceed to testing the ELG hypothesis using the TLO model (equation (4.5)) 

given in Section 4.1.4, which is reproduced here with Y (GDP) replaced by NY (DFD):  

ln 𝑁𝑌𝑡 = 𝛽0 + 𝛽1 ln 𝑋𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 휀𝑡      (4.21) 
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where, as discussed in Section 4.3.2, we have replaced Y by NY (GDP net of trade or 

DFD). 

First, we observe the pairwise correlation coefficients between the explanatory variables 

of the model, X and RER, which is found to be 0.09. Therefore, there is no issue of 

multicollinearity in this model. 

Test of stationarity 

Subsequently, we commence our empirical analysis by testing for the stationarity of the 

model (4.21) variables by carrying out the ADF unit root test. The ADF tests (in Table 

4.14) show that the null of non-stationarity in each variable is not rejected in level form 

but is rejected in their first difference form. This proves that our model variables are 

integrated of order 1 or I(1). The Zivot-Andrews unit root test is then carried out to 

check the robustness of the ADF unit root tests16 (see Appendix A4.3.2, Table A4.3). As 

the estimated test statistics do not fall below the critical values, the null hypothesis 

(non-stationary series without a structural break) is not rejected. This confirms that all 

the model variables are non-stationary in level form and do not contain any structural 

breaks. 

Table 4.14: ADF unit root test results – TLO model variables 
(p-values are in parentheses) 
Variable Test Statistic Order of 

integration  Level form First-difference form 

(1) (2) (3) (4) 
ln NYt –2.59 (0.29) Non-stationary –4.85 (0.00)* Stationary I(1) 

ln Xt –1.19 (0.89) Non-stationary –4.84 (0.00)* Stationary I(1) 

ln RERt –1.18 (0.90) Non-stationary –5.42 (0.00)* Stationary I(1) 

H0: Series is non-stationary. * As p-value <0.05, reject H0 at the 5% level of significance.  
 
                                                 
16 We do not find any visual evidence of any structural break in the TLO model variables. However, we 
test the model variables formally for any possible structural breaks. 
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Test for cointegration 

The ARDL bounds tests for cointegration as described in Section 4.2.2 may now be 

applied to the Australian data between 1981 and 2012. The null and the alternative 

hypotheses for the test based on the TLO model variables are, 

H0: A long-run equilibrium relationship does not exist between variables (not cointegrated) 

HA: A long-run equilibrium relationship exists between variables (cointegrated)  

 

The computed F-statistics of the ARDL bounds test for cointegration and the 

corresponding finite-sample critical values are presented in Table 4.15. Cointegration is 

observed as the estimated F-statistics exceed the five and ten percent upper bound 

critical values when ln NY and ln RER are dependent variables respectively. Thus, the 

TLO model is found to contain two cointegrating equations. 

Table 4.15: ARDL bounds test for cointegration, TLO model 
Dependent 
variable 

Computed 
F-statistic 

Lag 
order 

Critical bounds 
Cointegrated? α = 5% α = 10% 

(1) (2) (3) (4) (5) (6) 
NY=f(X, RER) 12.18* 2,1,0 [4.27, 5.47] [3.44, 4.47] Yes 

X=f(NY, RER) 2.85 3,2,2 [4.27, 5.47] [3.44, 4.47] No 

RER=f(X, NY) 5.11* 2,2,1 [4.27, 5.47] [3.44, 4.47] Yes 

Reject the null hypothesis H0: No cointegration at * = 5% and ** = 10% levels of significance. Critical 
values are given from Narayan (2005). 
 

Robustness of the ARDL bounds test results are given through detection of one 

cointegrating equation by the Johansen (1991) test (see Table A4.4, Appendix A4.3.2). 

The estimated ARDL model for Australia passes all diagnostic tests (see Table A4.5, 

Appendix A4.3.2) and structural stability tests as plots of CUSUM and CUSUMSQ of 

recursive residuals do not cross the critical bounds (Figure A4.2, Appendix A4.3.2). 

For ELG to be valid for Australia, model (4.21) has to have a long-run equilibrium 

(cointegration) and long-run causality has to run from exports (X) to domestic final 
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demand (NY).  Granger causality tests are carried out in VECM and the results are given 

in Table 4.16. As can be seen, causality runs from ln X to ln NY in the long-run as the 

relevant ECT is negative and statistically significant. The value of this ECT is –0.29 

which means that, in response to a shock, the system returns to equilibrium at the rate of 

29 percent per annum. In addition, there appears to be dual causation between ln RER 

and ln NY during the same period. The ECT is this case is –0.47 reflecting a faster rate 

of return to long-run equilibrium. 

Table 4.16: Granger causality test results, TLO model 
(p-values are in parentheses) 
Dep. Var. ∆ ln NYt ∆ ln Xt ∆ ln RERt ECTt-1 Direction of Causality 

(1) (2) (3) (4) (5) (6) 

∆ ln NYt - 8.16* 
(0.00) 

20.48* 
(0.00) 

–0.29* 
(0.00) 

X, RER  NY 

∆ ln Xt 5.62 
(0.13) 

- 1.78 
(0.62) 

- No causality 

∆ ln RERt 7.64* 
(0.01) 

0.04 
(0.83) 

- –0.47* 
(0.00) 

NY  RER 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * As p-value <0.05, reject 
H0. Causality is long-run if respective ECT (in a cointegrating model) is negative and statistically 
significant; otherwise the causality is short-run. 

 

Estimation Results 

Consider the TLO model given by equation (4.21). Based on the above causality results, 

it may be concluded that endogeneity may be an issue with RER. However, as we are 

using the ARDL approach, endogeneity is effectively corrected17. Using ARDL 

approach, the estimation results are presented in Table 4.17. As can be seen from the 

table, the long-run elasticity of NY with respect to X is positive, statistically significant, 

and has the expected sign. This shows that, when exports grow by one percent, 

                                                 
17 Even though it is well documented that endogeneity is not an issue when using the ARDL cointegration 
approach, some researchers argue that endogeneity has to be treated as a separate issue. To alleviate these 
concerns, in Appendix A4.4 we perform 2SLS estimation by identifying an IV for RER. The results are 
found to be similar to the standard OLS estimation. 
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Australia’s domestic final demand rises by 0.62 percent, ceteris paribus. The elasticity 

of NY with respect to RER is also positive indicating the positive effect of a real 

exchange rate appreciation on the Australian economy. Ceteris paribus, the Australian 

domestic final demand is seen to rise by about 0.54 percent when the real exchange rate 

appreciates by one percent. 

Table 4.17: Long-run equation (4.21) estimation results, TLO model 
(p-values are in parentheses) 
Dependent variable Constant ln Xt ln RERt 

𝛽0 𝛽1 𝛽2 
(1) (2) (3) (4) 

ln NYt 
4.14* 
(0.00) 

0.62* 
(0.00) 

0.54* 
(0.00) 

H0: Coefficient = 0, * If p-value <0.05, reject H0 at 5% level of significance. 

 

4.5 Summary of Findings 

In this section, we compare the key findings from each of the four estimated models and 

choose a model that is the most informative and is econometrically reliable. The Cobb-

Douglas model was considered; however, due to multicollinearity and causality 

problems, the results may not be reliable for making inferences from the estimated 

regression model. A summary of the key findings from the remaining three models is 

provided in Table 4.18 below. As can be seen, all three models reject their respective 

null hypotheses and conclude that the Australian economy underwent an export-led 

growth between 1981 and 2012. 

Feder Model 

The Feder models find both weighted and unweighted exports growth to positively 

impact on GDP between 1981 and 2012. In addition, results show that there is a positive 

external effect of the export sector but the marginal productivity differential between the 
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export and non-export sectors appears to be negative, an allusion to detrimental effects 

of resource exports – Dutch disease. Investment as a ratio of GDP is found to have a 

significant positive effect on growth. However, the positive effect of labour force 

growth is not statistically significant. Moreover, the ratio of productivity of the export 

sector to that of the non-export sector is found to be negative. This result indicates that 

the Australian non-export sector may actually be more productive than the export 

sector. Since the Australian export basket is dominated by resource exports, this may 

also imply a presence of some sort of Dutch disease in Australia. 

Table 4.18: Testing the ELG hypothesis, Australia 

Criterion 
Model 

Feder 
model 

Endogenous  
growth equation 

TLO model 

(1) (2) (3) (4) 
Period 1981-2012 1961-2012  1961-1980  1981-2012 1981-2012 
Cointegration present? N/A N/A N/A N/A Yes 
 
X Granger causes Y? N/A N/A N/A N/A Yesa 

Causal relationship 
exists? Short-run Short-run Short-run Short-run Unidirectional 

and long-run 
 
Relationship between Y 
and X 

Positive 
significant 

Positive 
significant 

Positive 
insignificant 

Positive 
significant Positivea,b 

ELG present? Yes, short-run Yes, short-
run  No Yes, short-

run 
Yes, and long-

run 
a: Domestic Final Demand or non-traded GDP (NY) is used instead of Y in this case. 
b: This positive relationship is also long-run. 
 
 

Endogenous Growth Equation 

The endogenous growth equation found that growth of exports has a positive impact on 

GDP growth during the entire period starting from 1961 to 2012. Considering the trend 

in the graph of exports in Figure 4.1, it can be seen that exports grew at a moderate rate 

until the 1980s and the rate of growth has increased markedly since the 1980s. 

Therefore, we separately analysed the possibility of ELG during the two time periods, 
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1961-1980 and 1981-2012. The results show that the growth rate of exports does not 

have a significant positive effect on GDP growth during the 1961-1980 period, but has a 

significant positive effect on GDP growth in the other two periods. The magnitude of 

this positive effect of exports is also seen to be much higher in the latter period. Thus, 

this model identifies that the broad economic reforms and subsequent mining booms 

that occurred from the early 1980s to have played key roles in bringing about the short-

run ELG in Australia. Furthermore, the growth rate of capital is found to have a positive 

and significant effect on GDP growth during all three time periods.  

TLO Model 

Lastly, the TLO model finds NY (non-traded GDP or domestic final demand), X 

(exports), and RER (real exchange rate) to be cointegrated. Estimated results from this 

model also find one-way causality running from X to NY and the elasticity of NY with 

respect to X to be positive and statistically significant. In addition, there is dual 

causation between NY and the RER. Furthermore, the positive implied long-run 

elasticity of NY with respect to X shows that the long-run impact of exports on NY is 

positive and may also signal productivity improving effects of exports. 

The long-run elasticity of NY with respect to RER is also found to be positive (column 

4, Table 4.17). An appreciation in the RER may encourage domestic consumption and 

domestic and foreign direct investment simultaneously as imported consumer and 

capital goods become cheaper. Benigno and Thoenissen (2008) observe the positive 

association between RER and consumption in their theoretical model which takes into 

account the presence of non-traded goods. This positive effect of RER on investment is 

also supported by Nucci and Pozzolo (2001), who find that an appreciation of the 

exchange rate can reduce capital costs. It is worth noting that Australia is an advanced 



160 
 

economy where the services sector, with over 70 percent share since 1990, dominates 

economic activities (ABS, 2013a). Eichengreen (2007) argues that at such a stage of 

growth/development, a mature service sector, which is non-traded, may require the RER 

to appreciate. Since we are testing the effect of exports on the non-traded parts of the 

economy, growth in the non-traded sectors will inevitably be positively related to the 

RER. 

Comparison of the results to the Australian Literature 

The empirical results obtained from these three models find evidence of a short-run and 

long-run ELG in Australia from 1981 to 2012, but found no ELG for the period 1961-

1980 using the endogenous growth equation. Previous studies on Australia by Paul and 

Chowdhury (1995) using data between 1949 and 1991, and Cuaresma and Wörz (2005) 

using data from 1981 to 1997 have found evidence of a short-run ELG, while Bodman 

(1996) observed long-run ELG using data for the period starting from 1960 to 1995. As 

can be seen, all the three studies above use data prior to the 2000s mining boom. On the 

other hand, Shan and Sun (1998) and Moosa (1999) do not find any evidence of ELG in 

Australia for the period, 1978-1996 and 1900-1993, respectively. This is reasonable as 

the data do not include the major mining boom during the 2000s and our results for the 

period 1961-1980 also support this conclusion.  In general, we can see that the ELG 

literature on Australia does not generally find evidence of a long-run ELG. This may be 

due to most of the studies not containing data from the 2000s mining boom, which our 

study does. 

Comparison of the three models 

The Australian economy is found to undergo an ELG between 1981 and 2012 by all 

three viable models specified. As shown from the analysis during different time periods, 
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1960-1979 and 1980-2012, using the endogenous growth equation, the broad economic 

reforms, along with the mining booms of the early 1980s and 2000s can be credited to 

bringing about this ELG in Australia. 

The variables in the TLO model are in double-log form as opposed to the growth rates 

in the Feder and endogenous growth models. The Feder and endogenous growth models 

are limited to explaining the short-run dynamics of the effect of growth in exports on 

Australia’s economic growth. Therefore, among the three models, the TLO model 

allows us to present a full picture of export-led growth in Australia in the short-run as 

well as the long-run. The TLO model finds a long-run equilibrium between levels of 

NY, X and the RER. In addition, this model also finds one-way long-run Granger 

causality from X to NY. The long-run impact of X is NY is also positive as demonstrated 

by the elasticities in the TLO model. This information contained in the TLO model is 

missing from both the Feder and endogenous growth models. 

In the Feder model, there are cases of multiple coefficients being insignificant despite 

the model being capable of estimating the inter-sectoral externality and productivity 

differential. The Feder model has also come across criticism regarding its assumption of 

no diminishing returns in the export sector, uniform relative production efficiency 

across both the export and non-export sectors, and the size of the domestic market 

having no effect on this efficiency (Giles and Williams, 2000). Lastly, because the TLO 

model is in double-log form, the explanatory variables, particularly exports, account for 

diminishing marginal returns. 

Even though all three models found evidence of ELG since the 1980s, in choosing an 

appropriate model which depicts reality as closely as possible, we prefer the TLO 
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model, which can differentiate between short- and long-run dynamics, unlike the Feder 

and endogenous growth models. 

4.6 Concluding Comments 

Australia’s strong economic performance in recent times has been attributed, without 

much empirical support, to various mining exports booms, with particular emphasis on 

the one that began in the early 21st century. In this chapter, we considered four different 

ELG models to test whether the ELG hypothesis was accepted for Australia between 

1981 and 2012. Due to model validity issues, we dropped one of the models. We then 

estimated the remaining three models, the Feder model, the endogenous growth 

equation, and the TLO model. Empirical estimation and testing finds all three models to 

exhibit that Australia underwent an ELG from 1981 to 2012. In particular, the 

endogenous growth equation, which compared the ELG during two time periods, 1961-

1980 and 1981-2012, identified that there was no ELG during the pre-1981 period and 

that the unprecedented mining boom during the 1981-2012 period to have played an 

important role in Australia enjoying an ELG. 

The Feder and endogenous growth models are estimated using variables in their first 

differenced form and, as such are only able to capture short-run dynamics. The TLO 

model is able to capture the fullest possible picture including both short- and long-run 

dynamics, particularly regarding the direction of Granger causality. Empirical findings 

from the TLO model show that there is short-run and long-run export-led growth in 

Australia from 1981 to 2012.  As such, we use the TLO model as the preferred model 

that can be used to explain the short-run and long-run reality of ELG in Australia, and 

explore its applicability for the regions of Australia in the next chapter. The endogenous 

growth equation provided evidence that there was no ELG prior to 1980 and that the 
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mining boom since the 1980s was instrumental in creating the environment for ELG in 

Australia. Therefore, in the forthcoming chapters, we use the post-1980 period data to 

analyse the ELG hypothesis and other effects of the mining boom nationally and 

regionally. 

Presence of a long-run ELG in Australia nationally provides basis to policymakers for 

continuation of promotion of exports as a source of growth. However, since ELG is 

heavily reliant upon mining booms, it is imperative that policymakers promote export 

diversification so that ELG can be sustained in the long-term. 

In the next chapter, we further analyse the ELG hypothesis at the regional level, 

considering the regions (six states and one territory) of Australia.  
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Appendix A4 

 

A4.1 Description of the Models 

In this section, we present detailed descriptions of the four models used in Chapter 4. 

 

A4.1.1 Cobb-Douglas model 

An ELG model based on the Cobb-Douglas specification begins with a standard Cobb-

Douglas production function as follows: 

𝑌𝑡 = 𝐴𝑡𝐾𝑡
𝛼𝐿𝑡

𝛽,                    (A4.1) 

where Yt is aggregate output/income (GDP), At is level of technology or Total Factor 

Productivity (TFP18), Kt is capital; Lt is labour; α and β are elasticities of GDP with 

respect to capital and labour inputs, respectively. According to Comin (2006), the TFP 

represents the fraction of the output that is not determined by the factors of production. 

The growth in GDP is an aggregation of the changes in the two factors of production 

and as well as total factor productivity. When Kt and Lt are stable (i.e. ceteris paribus), 

growth is driven solely by change in technology/productivity. A similar concept is seen 

in Solow (1956), where the long-run growth in per capita income must be driven by 

growth in TFP (Comin, 2006). It has been noted before (Section 2.1.1, Chapter 2) that 

trade has an efficiency improving effect on production. Human capital is also stated to 

be a determining factor of TFP (Fabrycy, 1971). Miller and Upadhyay (2000) discuss 

and test the interaction between human capital and trade openness. They find that, in the 

absence of openness, human capital is underutilised. Their findings highlight the 

significance of trade in improving TFP through knowledge spillover. Therefore, At can 

be written as a ‘Constant Elasticity of Substitution’ (CES) function where trade is 

represented as a product of exports (Xt) and (Mt) (McFadden, 1963; Sato, 1967): 

𝐴𝑡 = 𝑋𝑡
𝛾

𝑀𝑡
𝛿                     (A4.2) 

                                                 
18 The Total Factor Productivity or TFP accounts for the changes in aggregate output/income not captured 
by the factors of production such as labour and capital. 
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where Xt is exports and Mt is imports. Substituting this expression for At in equation 

(A4.1) gives us: 

 𝑌𝑡 = 𝑋𝑡
𝛾

𝑀𝑡
𝛿𝐾𝑡

𝛼𝐿𝑡
𝛽                   (A4.3) 

Here, γ and δ are the elasticities of GDP with respect to exports and imports. If 

α+β+γ+δ=1, the production function exhibits constant returns to scale. In contrast, if the 

sum of these elasticities exceeds unity (or 1), the production function exhibits increasing 

returns to scale and vice-versa. Hence, GDP becomes a function of exports, imports, 

capital, and labour. A log-linear specification of the Cobb-Douglas model while 

assuming a Constant Elasticity of Substitution (CES) (McFadden, 1963; Sato, 1967) can 

be written as, 

ln 𝑌𝑡 = 𝑐 + 𝛾ln 𝑋𝑡 + 𝛿ln 𝑀𝑡 + 𝛼ln 𝐾𝑡 + 𝛽ln 𝐿𝑡  + 휀                 (A4.4) 

A4.1.2 Feder model 

Feder (1983) has developed an ELG model which considers the positive external effects 

of exports on production in the non-export sectors. These external effects occur through 

development of efficient and internationally competitive management, introduction of 

improved production techniques, training of higher quality labour, steadier flow of 

imported inputs etc. Feder also developed this model to allow the use of aggregate level 

data since data pertaining to primary production factors allocated to the sectors are often 

not readily available. 

Using this model, Feder (1983) analyses the ELG hypothesis for a group of 31 semi-

industrialised developing countries. Their econometric analysis concludes that 

reallocating resources to the more efficient export sector is growth inducing. Feder also 

finds a substantial positive productivity differential between the export and non-exports 

sectors of these developing economies. Cuaresma and Wörz (2005) extends Feder’s 

(1983) model to test the differing effects of disaggregated exports on GDP growth in a 

panel of 45 developing and developed countries including Australia. This study is 

detailed in the literature review in Section 3.1.3 of Chapter 3. 

The Feder (1983) model involves GDP being a function of two sectors, Y = N + X, in 

which N=F(KN, LN, X) is non-exports and X=G(KX, LX) is exports. Each sector employs 
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respective sector capital stocks (KN, KX) and respective sector labour forces (LN, LX). It 

is assumed in this model that the ratio of marginal factor productivity of the export 

sector to that of the non-export sectors is equal to 1+δ. The difference in marginal factor 

productivity is attributed primarily to competition in the export sector which is 

considered to stimulate “innovation, adaptability, and more efficient management of 

resources”.  Feder derives the following equation to estimate the effect exports have on 

GDP growth, 

(
�̇�

𝑌
)

𝑡
= 𝛼 (

𝐼

𝑌
)

𝑡
+ 𝛽 (

�̇�

𝐿
)

𝑡
+ (

𝛿

1+𝛿
+ 𝐹𝑥) ∙ (

�̇�

𝑋
∙

𝑋

𝑌
)

𝑡
+ 휀𝑡,              (A4.5) 

where, (
�̇�

𝑌
) and (

�̇�

𝐿
) represent growth rates of GDP and labour force; (

𝐼

𝑌
) denotes 

investment (change in capital stock) as a share of GDP; while (
�̇�

𝑋
∙

𝑋

𝑌
) represents the 

growth rate of exports multiplied by the share of exports in GDP (i.e. weighted growth 

rate of exports). In addition, Fx denotes the externalities from X to N and δ is 0 when 

marginal productivities across sectors equalize. For simplicity, (
𝛿

1+𝛿
+ 𝐹𝑥), which 

represents the differential productivities of factors, is expressed as ‘γ’. 

However, the externality effects as well as the productivity differential effects cannot be 

estimated empirically in this equation. The following equation is derived after further 

manipulation to estimate the productivity differential effects (δ): 

(
�̇�

𝑌
)

𝑡
= 𝛼 ∙ (

𝐼

𝑌
)

𝑡
+ 𝛽 ∙ (

�̇�

𝐿
)

𝑡
+ (

𝛿

1+𝛿
− 𝜃) ∙ (

�̇�

𝑋
∙

𝑋

𝑌
)

𝑡
+ 𝜃 ∙ (

�̇�

𝑋
)

𝑡
+ 휀𝑡             (A4.6) 

Here, (
�̇�

𝑋
) is the unweighted growth rate of exports and θ represents the inter-sectoral 

externality parameter. These specified equations (equations (A4.5) and (A4.6)), thus, 

can be used to empirically examine the effect of exports on growth and on the non-

export sector. To simplify the equations, we define (
�̇�

𝑌
), (

𝐼

𝑌
), (

�̇�

𝐿
), (

�̇�

𝑋
∙

𝑋

𝑌
), (

�̇�

𝑋
), and 

(𝛿/(1 + 𝛿) − 𝜃) as gY, iGDP, gL, gXXGDP, gX, and ϑ respectively. Therefore, 

equations (A4.5) and (A4.6) can be rewritten as: 

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑖𝐺𝐷𝑃𝑡 + 𝛽 ∙ 𝑔𝐿𝑡 + 𝛾 ∙ 𝑔𝑋𝑋𝐺𝐷𝑃𝑡 + 휀𝑡               (A4.7) 

𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑖𝐺𝐷𝑃𝑡 + 𝛽 ∙ 𝑔𝐿𝑡 + 𝜗 ∙ 𝑔𝑋𝑋𝐺𝐷𝑃𝑡 + 𝜃 ∙ 𝑔𝑋𝑡 + 휀𝑡             (A4.8) 
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A4.1.3 Endogenous growth equation 

We take a simple endogenous growth model in which GDP (Y) is a function of capital 

(K) and total factor productivity (A), i.e. the AK model of growth: 

𝑌𝑡 = 𝐴𝑡
𝛼𝐾𝑡

𝛽                    (A4.9) 

The literature observes trade, especially exports, to have efficiency improving effects. 

Initially, we express At as a function of both exports (Xt), imports (Mt), and labour (Lt). 

However, our preliminary modelling finds that, for Australia, At is represented mainly 

by exports and imports, but not by labour. Furthermore, the growth rate of imports is 

found to be highly correlated with that of capital with a pairwise correlation coefficient 

of 0.78. In contrast, the correlation coefficient between growth rates of exports and 

capital is low at –0.30. The high correlation between imports and capital is a likely 

result of imported capital goods constituting a large share of domestic investment. As 

such, to avoid biases arising due to severe multicollinearity, we drop imports and labour 

and express At as a function of exports alone: 

𝐴𝑡 = 𝑓(𝑋𝑡) = 𝑋𝑡
𝛼𝑀𝑡

                 (A4.10) 

Substituting At in equation (A4.9) gives us, 

𝑌𝑡 = 𝑋𝑡
𝛼𝐾𝑡

𝛽                  (A4.11) 

and taking natural logarithm of both sides returns: 

ln 𝑌𝑡 = 𝛼 ln 𝑋𝑡 + 𝛽 ln 𝐾𝑡                (A4.12) 

Taking the derivatives with respect to t and adding a constant term c, equation (A4.12) 

becomes: 

(
𝑌

𝑡

𝑌
) = 𝑐 + 𝛼 (

𝑋

𝑡

𝑋
) + 𝛽 (

𝐾

𝑡

𝐾
)               (A4.13) 

We define the growth rates of the three variables as gYt = ((Y/t)/Y), gXt = ((X/t)/X) 

and gKt = ((K/t)/K). Therefore, for estimation, equation (A4.13) can be rewritten with 

the error term included, as: 
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𝑔𝑌𝑡 = 𝑐 + 𝛼 ∙ 𝑔𝑋𝑡 + 𝛽 ∙ 𝑔𝐾𝑡 + 𝑡               (A4.14) 

Equation (A4.14) represents the endogenous growth equation and can be used for 

estimation and testing of the ELG hypothesis. 

 

A4.1.4 Tang-Lai-Ozturk (TLO) model 

Following Tang et al. (2015), we consider a new model to analyse ELG, in which GDP 

(Y) is a function of exports and the Real Exchange Rate (RER). This model specification 

also bears slight resemblance to those used by Glasure and Lee (1999), Dash (2009), 

Nain and Ahmad (2010), and Agrawal (2014), particularly in their inclusion of the 

RER19. Therefore, in this specification, exports are considered to contribute to an 

economy’s growth by increasing demand for its aggregate production/income (or GDP) 

and by improving the economy’s productivity through competitive pressures, 

specialisation, exploitation of economies of scale, access to advanced technologies and 

learning by doing gains (Giles and Williams, 2000). 

In addition to accounting for the international effects (exports), this model also includes 

the RER, which represents many of the domestic indicators including the relative 

domestic price levels of tradable goods (Eichengreen, 2007; Rodrik, 2008). The RER 

also captures information regarding international prices of goods imports, services 

exports and imports, non-traded goods, and purchasing power of the local currency. 

Additionally, Glasure and Lee (1999) finds, in their empirical analysis on South Korea, 

that the RER contains the most information regarding future fluctuations in economic 

growth. Consequently, a production function incorporating the effects of exports and 

RER can be specified as, 

𝑌𝑡  =  𝑓(𝑋𝑡, 𝑅𝐸𝑅𝑡),   t = 1,2,…,T,             (A4.15) 

where NYt is real aggregate output net of trade, Xt is real merchandise exports, RERt 

denotes real exchange rate, and T represents number of years in the sample. Following 

McFadden (1963) and Sato (1967), we express equation (A4.15) as a CES function: 

                                                 
19 For further details on Glasure and Lee (1999) and Tang et al. (2015), please refer to Section 3.1.2 in 
Chapter 3. 
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𝑌𝑡  =  𝐵 𝑋𝑡 𝑅𝐸𝑅𝑡                 (A4.16) 

where B represents any information that is not captured by X and RER. Taking natural 

logarithm of both sides of equation (A4.16) and adding an error term εt, we have: 

ln 𝑌𝑡 = 𝛽0 + 𝛽1 ln 𝑋𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 휀𝑡              (A4.17) 

To test for the existence of ELG, a significantly positive coefficient β1 will confirm that 

there is ELG in Australia. Coefficients β1 and β2 represent the elasticities of GDP (Y) 

with respect to exports and RER respectively. Lastly, this model will from hereon be 

referred to as the ‘TLO’ model. 

 

A4.2 The X-11 Seasonal Adjustment Technique 

The ABS (2005) notes that there is a need for some time series (generally monthly and 

quarterly) data to be seasonally adjusted, as seasonality may “conceal both the true 

underlying movement in the series as well as certain non-seasonal characteristics which 

may be of interest to analysts.” ABS (2008) reports its method of seasonal adjustment as 

X11 package which can be found in Win-X13 provided by the U.S. Census Bureau 

(2013). The following contains an excerpt from the ABS website explaining in detail 

the X-11 seasonal adjustment technique to seasonally adjust monthly data as an 

example. 

HOW DO X11 STYLE METHODS WORK? 

Filter based methods of seasonal adjustment are often known as X11 style methods. These 

are based on the ‘ratio to moving average’ procedure described in 1931 by Fredrick R. 

Macaulay, of the National Bureau of Economic Research in the US. The procedure consists of 

the following steps: 

1) Estimate the trend by a moving average 

2) Remove the trend leaving the seasonal and irregular components 

3) Estimate the seasonal component using moving averages to smooth out the irregulars. 

Seasonality generally cannot be identified until the trend is known, however a good estimate 

of the trend cannot be made until the series has been seasonally adjusted. Therefore X11 

uses an iterative approach to estimate the components of a time series. As a default, it 

assumes a multiplicative model.  
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To illustrate the basic steps involved in X11, consider the decomposition of a monthly time 

series under a multiplicative model. 

Step 1: Initial estimate of the trend 

A symmetric 13 term (2×12) moving average is applied to an original monthly time series, Ot, 

to produce an initial estimate of the trend Tt. The trend is then removed from the original 

series, to give an estimate of the seasonal and irregular components. 

Ot

T̂t

=
Tt×St×It

T̂t

≈ St × It                (A4.18) 

Equation - the initial trend estimate is removed from the original series to produce first 

seasonal and irregular estimates. Six values at each end of the series are lost as a result of the 

end point problem - only symmetric filters are used. 

Step 2: Preliminary estimate of the seasonal component 

A preliminary estimate of the seasonal component can then be found by applying a weighted 

5 term moving average (S3×3) to the St. It series for each month separately. Although this filter 

is the default within X11, the ABS uses 7 term moving averages (S3×5) instead. The seasonal 

components are adjusted to add to 12 approximately over a 12 month period, so that they 

average to 1 in order to ensure that the seasonal component does not change the level of the 

series (does not affect the trend). The missing values at the ends of the seasonal component 

are replaced by repeating the value from the previous year. 

Step 3: Preliminary estimate of the adjusted data 

An approximation of the seasonally adjusted series is found by dividing the estimate of the 

seasonal from the previous step into the original series: 

Ot

Ŝt

=
Tt×St×It

Ŝt

≈ Tt × It                (A4.19) 

Equation - the seasonal estimate is removed from the original data to produce estimate of 

seasonally adjusted series. 

Step 4: A better estimate of the trend 

A 9, 13 or 23 term Henderson moving average is applied to the seasonally adjusted values, 

depending on the volatility of the series (a more volatile series requires a longer moving 

average), to produce an improved estimate of the trend. The resulting trend series is divided 

into the original series to give a second estimate of the seasonal and irregular components.  

Ot

T̂t

=
Tt×St×It

T̂t

≈ St × It                (A4.20) 
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Equation - the second trend estimate is removed from the original series to produce 

improved seasonal and irregular estimates. Asymmetric filters are used at the ends of the 

series, hence there are no missing values like in step 1. 

Step 5: Final estimate of the seasonal component 

Step two is repeated to obtain a final estimate of the seasonal component. 

Step 6: Final estimate of the adjusted data 

A final seasonally adjusted series is found by dividing the second estimate of the seasonal 

from the previous step into the original series: 

Ot

Ŝt

=
Tt×St×It

Ŝt

≈ Tt × It                (A4.21) 

Equation - the second seasonal estimate is removed from the original data to produce a final 

estimate of seasonally adjusted series. 

Step 7: Final estimate of the trend 

A 9, 13, or 23 term Henderson moving average is applied to the final estimate of the 

seasonally adjusted series, which has been corrected for extreme values. This gives an 

improved and final estimate of the trend. In more advanced versions of X11 (such as 

X12ARIMA and SEASABS), any odd length Henderson moving average can be used. 

Step 8: Final estimate of the irregular component 

The irregulars can then be estimated by dividing the trend estimates into the seasonally 

adjusted data. 

Tt×It

T̂t

≈ It                 (A4.22) 

Equation - the final trend estimate is removed from the seasonally adjusted data to estimate 

irregular component. 

Obviously these steps will depend on which model (multiplicative, additive and pseudo-

additive) is chosen within X11. There are also small differences in the steps in X11 between 

various versions. 

An additional step in estimating the seasonal factors, is to improve the robustness of the 

averaging process, by modification of the SI values for extremes (ABS, 2008). 
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A4.3 Robustness-check and Diagnostics Test Results  

This section presents the robustness and diagnostic checks for the Cobb-Douglas and 

TLO models estimated in Sections 4.1.4 and 4.4.4. The list of tests to be conducted 

include the Zivot-Andrews unit root test, Breusch-Godfrey test for serial correlation, 

Breusch-Pagan-Godfrey test for heteroscedasticity, Ramsey RESET test for functional 

misspecification, Jarque-Berra test for residual normality, and CUSUM and CUSUMSQ 

tests for structural stability (see Sections 4.2.1 and 4.2.3 for details). Additionally, the 

Johansen cointegration test is applied to the TLO model to verify the robustness of the 

ARDL cointegration tests (details provided in Section 4.2.6). 

A4.3.1 Cobb-Douglas Model 

 

The Zivot-Andrews Unit Root Test Results 

Table A4.1 contains results from the Zivot-Andrews unit root test, which checks for a 

structural break in the level data series from the Cobb-Douglas model. These act as 

robustness checks for the ADF unit-root tests. It can be seen that the estimated test 

statistics do not fall below the critical values and the null hypothesis is not rejected. 

This means that all the model variables are non-stationary in level form and do not 

contain any structural breaks. 

Table A4.1: Zivot-Andrews unit root test results, Australia, 1981-2012 (Cobb-
Douglas model) 

Variable Test statistic Critical value  
at the 5% level 

(1) (2) (3) 
ln NYt –4.49 –4.93 
ln Xt –2.86 –4.93 
ln Mt –2.41 –4.93 
ln Kt –3.45 –4.93 
ln Lt –3.91 –4.93 
H0: Series has a unit root with no structural break.  If test statistic value < critical value, reject H0 at the 5% level of 
significance. The Zivot-Andrews test is not performed on variables that are found to be stationary in level form by the 
ADF tests. 

ARDL Model diagnostic test results 

Table A4.2 contains the diagnostic tests for the ARDL bounds test performed on the 

Cobb-Douglas model. The list of diagnostic test in Table A4.2 includes tests for 

Breusch-Godfrey test for serial correlation, RESET test for functional misspecification, 
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Jarque-Berra of residual normality, and Breusch-Pagan test for heteroscedasticity. The 

estimated test statistics are given in columns (2) of Table A4.2 while the associated p-

values are in column (3). The null hypothesis is not rejected in any of these tests and the 

Cobb-Douglas model is found to pass all the diagnostic tests. 

Table A4.2: ARDL diagnostic test results, Australia, 1981-2012  
(Cobb-Douglas model) 
Diagnostic test Test statistic p-value 
(1) (2) (3) 
Serial correlationa 1.90 0.17 

Ramsey RESETb 1.36 0.24 

Residual normalityc 0.73 0.70 

Heteroscedasticityd 0.33 0.56 

a = Lagrange multiplier test of residual serial correlation, b = Ramsey’s RESET test using the square of the fitted 
values, c = Normality based on a test of skewness and kurtosis of residuals, d = Heteroscedasticity test based on the 
regression of squared residuals on squared fitted values. a. H0: No serial correlation, b. H0: Functional specification is 
correct, c. H0: Residuals are normal; d. H0: Model exhibits homoscedasticity. * As p-value <0.05, reject H0 at the 5% 
level of significance. 

 

Tests of Structural Stability: CUSUM and CUSUMSQ Tests 

Figure A4.1 contains the plots of CUSUM and CUSUMSQ of recursive residuals which 

tests for structural stability of the estimated coefficients of the Cobb-Douglas model. As 

none of the plots cross the five percent critical bounds, the estimated models are found 

to be free from any structural instability.  
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Figure A4.1: CUSUM and CUSUMSQ plots of recursive residuals, Australia, 1981-
2012 (Cobb-Douglas model) 
Test Plot 
(1) (2) 

CUSUM 

 

CUSUMSQ 

 

Broken lines represent the 5% critical bounds. Plot (solid line) crossing the critical bounds indicates structural 
instability in the model. 
 

 

A4.3.2 TLO Model 

The Zivot-Andrews Unit Root Test Results for Australia 

Table A4.3 contain results from the Zivot-Andrews unit root test, which checks for a 

structural break in the level data series from the TLO model. These act as robustness 

checks for the ADF unit-root tests. It can be seen that the estimated test statistics do not 

fall below the critical values and the null hypothesis is not rejected. This means that all 

the TLO model variables are non-stationary in level form and do not contain any 

structural breaks. 

Table A4.3: Zivot-Andrews unit root test results, Australia, 1981-2012 
(TLO model) 
Variable Test statistic Critical value at the 5% level 
(1) (2) (3) 
ln NYt –4.49 –4.93 

ln Xt –2.86 –4.93 

ln RERt –2.55 –4.93 

H0: Series has a unit root with no structural break. * As test statistic < critical value, reject H0 at the 5% level of 
significance. The Zivot-Andrews test is not performed on variables that are found to be stationary in level form by the 
ADF tests. 
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Johansen cointegration test results 

Table A4.4 contains results of the Johansen cointegration test. As can be seen, the null 

hypotheses of none and one cointegrating equation are rejected, while the null of at 

most two cointegrating equations is not rejected. This shows that there are two 

cointegrating equations in the TLO model, confirming the results of the ARDL bounds 

test. 

Table A4.4: Johansen cointegration test results, Australia, 1981-2012 (TLO model) 
Hypothesized number 
of cointegrating 
equations 

Trace test  Max Eigenvalue test Number of 
cointegrating 

equations JTrace p-value  JEigenvalue p-value 
(1) (2) (3)  (4) (5) (6) 
None 105.87* 0.00  78.09* 0.00  

At most 1 27.78* 0.00  26.93* 0.00  

At most 2 0.85 0.36  0.85 0.36 2 

* As p-value <0.05, reject null hypothesis of number of cointegrating equations at 5% level of significance. 

 

ARDL Model diagnostic test results 

Table A4.5 contains the diagnostic tests for the ARDL bounds test performed on the 

TLO model. The estimated test statistics are given in column (2) of Table A4.5 while 

the associated p-values are in column (3). The null hypothesis is not rejected in any of 

these tests and the model is, thus, found to be free from serial correlation, functional 

misspecification, non-normal residuals, and heteroscedasticity. 

Table A4.5: ARDL diagnostic test results, Australia, 1981-2012 (TLO model) 
 TLO model 
Diagnostic test Test statistic p-value 
(1) (2) (3) 
Serial correlationa 0.23 0.99 

Ramsey RESETb 0.33 0.57 

Residual normalityc 1.10 0.58 

Heteroscedasticityd 1.01 0.31 

a = Lagrange multiplier test of residual serial correlation, b = Ramsey’s RESET test using the square of the fitted 
values, c = Normality based on a test of skewness and kurtosis of residuals, d = Heteroscedasticity test based on the 
regression of squared residuals on squared fitted values. a. H0: No serial correlation, b. H0: Functional specification is 
correct, c. H0: Residuals are normal; d. H0: Model exhibits homoscedasticity. * As p-value <0.05, reject H0 at the 5% 
level of significance. 
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Tests of Structural Stability: CUSUM and CUSUMSQ Tests 

Figure A4.2 contains the plots of CUSUM and CUSUMSQ of recursive residuals which 

tests for structural stability of the estimated coefficients of the TLO model. As none of 

the plots cross the five percent critical bounds, the estimated models are found to be free 

from any structural instability. 

Figure A4.2: CUSUM and CUSUMSQ plots of recursive residuals, Australia, 1981-
2012 (TLO model) 
Test Plot 
(1) (2) 

CUSUM 

 

CUSUMSQ 

 

Broken lines represent the 5% critical bounds. Plot (solid line) crossing the critical bounds indicates structural 
instability in the model. 

 
 

A4.4 Endogeneity and instrumental variable (IV) estimation 

Even though it is well documented by Pesaran and Shin (1999) that the use of the 

ARDL approach, where the model is estimated as a system of equations, addresses the 

endogeneity issue, there are still sceptics who argue that endogeneity should be dealt as 

a separate issue. Since there is dual causation between domestic final demand (NY) and 

the real exchange rate (RER) in the long-run, we explore the possibility of finding an 

Instrumental Variable (IV) for RER and re-estimate equation (4.21) using 2SLS. The IV 

should be a variable which is highly correlated with RER but uncorrelated with the 

residuals obtained by estimating (4.21) by OLS. Based on prior Australian literature, in 

particular Blundell-Wignall and Gregory (1990) and Gruen and Wilkinson (1994), we 
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consider a list of IVs, imports (M), M2 (broad) money supply20 (M2), real interest rate21 

(RIR), and terms of trade22 (TOT). These variables are highly correlated with RER but 

are uncorrelated (see column 8 of Table A4.6) with the residuals from model (4.21), 

qualifying as possible IVs for RER. The most suitable IV is selected using the Stock-

Yogo (2005) test, which tests for the strength of the IV variable, where the null 

hypothesis is that it is a weak instrument. 

Table A4.6 contains the 2SLS estimation results from such estimation, along with their 

diagnostics. It can be seen from column 5 in Table A4.6 that Shea’s adjusted partial R2 

is highest when TOT is used as an IV and is followed by M. In addition, column 6 

shows that the maximum eigenvalue statistic for the Stock-Yogo (2005) test (compared 

to their critical values given in column 7) for weak instrument rejects the null of a weak 

instrument for all IVs except RIR. This shows that RIR is a weak instrument and we 

drop it as an instrument. In addition, the estimated R2 is identical for all four IV 

estimations and is a high 0.98 showing good fits of the 2SLS models. Thus, based on 

Shea’s partial R̅2 and the Stock-Yogo tests, we utilize TOT as an IV for RER. 

Table A4.6: Results of long-run equation (4.21) estimation using 2SLS 
(p-values in parentheses) 

Model: 𝑙𝑛 𝑁𝑌𝑡 = 𝛽0 + 𝛽1 𝑙𝑛 𝑋𝑡 + 𝛽2 𝑙𝑛 𝑅𝐸�̂�𝑡 + 휀𝑡 

 
 
Instrument 

 
 

Constant 
(β0) 

 
 

ln Xt 

(β1) 

 
 

ln 𝑅𝐸�̂�𝑡 
(β2) 

 
Shea’s 
partial 

R̅2 

Stock-Yogo test Correlation 
with eqn. 

(4.21) 
residuals 

Max 
eigenvalue 
statistica 

Critical 
value at 

5% 
(1) (2) (3) (4) (5) (6) (7) (8) 
ln M –21.92* 

(0.00) 
–0.01 
(0.78) 

8.30* 
(0.00) 

0.76 97.25* 16.38 0.09 

ln M2 –21.60* 
(0.00) 

0.14* 
(0.01) 

7.81* 
(0.00) 

0.40 20.82* 16.38 0.09 

ln RIR 3.13* 
(0.00) 

0.63* 
(0.00) 

0.71* 
(0.00) 

0.18 7.38 16.38 –0.21 

ln TOT 3.19* 
(0.00) 

0.53* 
(0.00) 

0.98* 
(0.00) 

0.83 147.23* 16.38 0.19 

H0: Coefficient = 0, * If p-value <0.05, reject H0 at 5% level of significance. 
a: Stock and Yogo (2005) test for weak instruments. H0: Instruments are weak. * If max eigenvalue 
statistic > critical value, reject H0. 
 

                                                 
20 M2 money supply includes notes and coins in circulation, demand deposits, other checkable deposits, 
savings accounts, term deposits, and long-term deposits. 
21 The real interest rate is the rate of interest an investor that has been adjusted for inflation. 
22 The terms of trade (TOT) is a relative price of exports with respect to imports. 
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Selection of TOT as an IV makes economic sense as Australia is a resource-exporting 

advanced economy and as such, the RER is expected to undergo substantial fluctuations 

with respect to TOT. In addition, since Australia is a small country compared to the 

Global economy, it is not expected to substantially influence either its exports or 

imports price (or TOT for that matter). In fact, the TOT is found to be a major 

determinant of the RER in Australia by Blundell-Wignall and Gregory (1990) and 

Gruen and Wilkinson (1994). A similar observation is made by Amano and van Norden 

(1995) who finds that TOT causes RER fluctuations in Canada, which is a similar 

resource-exporting advanced economy. Thus, the final TLO long-run equation 

estimation includes the following set of equations: 

ln 𝑁𝑌𝑡 = 𝛽0 + 𝛽1 ln 𝑋𝑡 + 𝛽2 ln 𝑅𝐸�̂�𝑡 + 휀𝑡              (A4.23) 

ln 𝑅𝐸𝑅𝑡 = 𝜋0 + 𝜋1 ln 𝑇𝑂𝑇𝑡 + 𝜖𝑡               (A4.24) 

As the variables of equation (A4.23) are all in logarithmic form, the estimated 

coefficients of the explanatory variables represent the long-run elasticities. The results 

of the 2SLS estimation using (A4.23) and (A4.24) are provided in the last row of Table 

A4.6. As can be seen, the long-run elasticity of NY with respect to exports (X) is 

positive, statistically significant, and has the expected sign. This shows that, when 

exports grow by one percent, Australia’s domestic final demand rises by 0.53 percent, 

ceteris paribus. The elasticity of domestic final demand with respect to real exchange 

rate is also positive indicating the positive effect of a real exchange rate appreciation on 

the Australian economy. Ceteris paribus, the Australian domestic final demand is seen 

to rise by about 0.98 percent when the real exchange rate appreciates by one percent. 

These results are in agreement with the standard estimation results presented in Table 

4.17. 
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Chapter 5: Export-Led Growth in the Australian Regions 

 

5.0 Introduction 

In Chapter 4, the ELG hypothesis was verified for Australia using a number of models. 

As discussed in Chapter 2, only some of the Australian regions underwent a mining 

boom. Most of the mining activities are concentrated in only two of the country’s eight 

regions, Western Australia and Queensland (Marsh, 2008). Therefore, it is important to 

verify whether this ELG, which has been shown to exist for Australia nationally, can be 

attributed to the ELG in the mining boom states (regions). 

As an overview of the regional scenario, we present in Table 5.123 the population, real 

Gross State Product (GSP) per capita, real GSP growth rate, real exports and imports as 

a percentage of GSP from the eight regions for 2012. As can be seen from the table,  

Table 5.1: Regional economic indicators, 2012 

Region 
Population (‘000) 

Real GSP 
per capita 

GSP 
growth 

rate 
Real exports Real imports 

Number Sharea 
(%) 

(A$) (%) Value 
(A$m) 

Shareb 
(%) 

Value 
(A$m) 

Sharec 
(%) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
NSW 7,305.5 32 63,739 2.37 40,517 15 86,390 37 
Victoria 5,631.6 25 58,806 2.82 21,620 8 59,644 26 
Queensland 4,568.7 20 62,943 4.63 52,818 20 39,839 17 
WA 2,436.2 11 100,697 7.34 120,327 46 35,190 15 
SA 1,656.3 7 56,485 1.77 11,411 4 7,262 3 
Tasmania 512.2 2 47,547 0.44 3,187 1 883 0 
NT 235.2 1 80,844 4.51 5,287 2 4,148 2 
Source: ABS (2013b), ABS (2013c), and ABS (2013d). 
a: Share of total Australian population, b: Share of Australia’s total exports, c: Share of Australia’s total 
imports. 
 

                                                 
23 This table has been reproduced from Table 2.4 in Chapter 2. 
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in 2012, the boom regions of Queensland and WA are the fastest growing regional 

economies, with growth rates of 4.63 7.34 percent respectively. The boom regions also 

contribute the majority share to Australia’s exports (46 and 20 percent) and contribute 

much lower shares to its imports (17 and 15 percent). 

Figure 5.1: Merchandise exports by region, 2001 and 2012 

 
Source: ABS (2013d). 

 

Figure 5.1, reproduced here from Figure 2.8 (Chapter 2), depicts the changing regional 

exports landscape between 2001 and 2012. The mining regions contribute a larger share 

of total exports, which is evident in the bar-chart below. As can be seen, Queensland 

and WA contribute the largest share to Australia’s total exports and only in these 

regions have exports grown substantially from 2001 to 2012; as exports from the other 

regions have shrunk during this period except for NSW, where exports grew only 

marginally. Thus, Table 5.1 and Figure 5.1 show that economic growth and exports are 

not uniform across the Australian regions. 

There are no past studies that considered ELG in the regions (states and territories) of 

Australia. The literature pertaining to regional (within-country) test of the ELG 

hypothesis is scarce for other countries as well. Our literature survey has located three 
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such (within-country) studies conducted by Sun and Parikh (2001) and Ljungwall 

(2006) for China, and by Jin (2002) for South Korea. For details of these regional ELG 

studies, refer to Sections 3.1.2 and 3.1.3 in Chapter 3. 

In this chapter, we analyse the level of impact of exports on the aggregate 

income/output of the various regions of Australia, by testing whether they experience 

ELG. This chapter also presents a cross-regional analysis by investigating the impact of 

one region’s international exports on the other region’s aggregate income/output, that is, 

the ‘spillover effects’ of regional exports. 

This chapter is structured as follows: Section 5.1 specifies the models used for 

estimation, Section 5.2 outlines the data and their source and briefly explains the 

employed methodologies, Section 5.3 provides the estimation results from the ELG 

analysis, Section 5.4 presents the results of the cross-regional export spillover analysis, 

Section 5.5 provides a summary of the main findings and their implications, and Section 

5.6 provides the concluding comments. 

 

5.1 Model Specification 

5.1.1 Regional ELG analysis 

This section outlines the models that can be used to test the ELG hypothesis for the 

Australian regions. For this purpose, we use the TLO model for Australia given by 

equation (4.21) used in Chapter 4 (Tang et al., 2015). This model is selected from four 

most commonly used models, used in the literature, based on a number of model 

selection criteria. These include the model’s ability to satisfy the model specification 

tests as well as the regression model assumptions, account for diminishing marginal 
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returns, and capture the short-run as well as long-run effects of export-led growth on the 

Australian regional economies24. Based on its performance in these criteria, the TLO 

model is able to depict the reality in the Australian economy as closely as possible. 

Refer to Section 4.5 for details of the model selection process. 

The model at the regional level can be expressed as follows: 

ln 𝑁𝑌𝑡 = 𝛽0 + 𝛽1 ln 𝑋𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 휀𝑡        (5.1) 

where, at time t, NYt is real Gross State Product (GSP) net of trade, otherwise known as 

State Final Demand (SFD). In addition, Xt and RERt represent real merchandise exports 

and the Real Exchange Rate, respectively. Equation (5.1) can be used to test for ELG in 

the Australian regions by testing whether the export coefficient, β1, is significantly 

positive. Coefficients β1 and β2 represent the long-run elasticities of NY with respect to 

X and RER respectively. 

5.1.2 Cross-regional spillover effects 

The regional boundaries in Australia are not as strictly guarded as national boundaries, 

so capital and labour are virtually free to move across without obstacles or restrictions, 

including foreign currency conversion and visa restrictions. It may be possible for 

exports originating from one region to benefit linked industries in other regions through 

spillovers. For example, exports from WA (a boom region) may allow financial services 

in Victoria to flourish as demand for banking and investment opportunities soar in WA 

resulting from an influx of export income. In addition, the 2000s mining boom saw the 

‘fly-in fly-out workers’ program which involved flying-in workers, usually from non-

boom regions to places where mining activities are concentrated (often in remote areas 
                                                 
24 The Feder (1983) and endogenous growth models are not used here due to lack of regional level data 
and also because these models are unable capture both the long-run and short-run dynamics, especially 
that of causal relationships. 
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of the boom regions), and flying them out on a fixed-time rotational basis (McKenzie, 

2010; Hajkowicz et al., 2011). This may also help spread some of the benefits 

(including income) of the mining boom to the other regions. We specify a model in 

which one regional economy can benefit from exports from the other regions of 

Australia: 

𝑙𝑛 𝑁𝑌𝑖𝑡 = c + ∑ βij 𝑙𝑛(Xj Xi⁄ )
t

7

j=1
j≠i

+ uit (5.2) 

where i=1(NSW), 2(Victoria), 3(Queensland), 4(WA), 5(SA), 6(Tasmania), 7(NT). To 

capture these external effects of exports, we denote the SFD of region i as a function of 

international exports from other regions (region j) expressed as a ratio of its own 

exports (Xj/Xi). We use ratios of other regions’ exports to own exports, since this ratio 

accounts for the relative size of other regions’ exports to its own. Intuitively, exports 

from regions with large export sectors relative to region i (region in question) will be 

able to have a bigger impact on region i’s own exports as opposed to regions with 

smaller export sectors. The coefficients, βij’s, represent the elasticity of ln NY of region i 

with respect to j region’s exports ratio. An increase of one percent in the ratio Xj/Xi 

leads either to a βij percent increase or decrease in ln NY of region i, ceteris paribus. 

Ultimately, this type of formulation is a variant of the Gravity model of trade, by 

Tinbergen (1963), in which the magnitude of the bilateral trade flows between any two 

countries can be explained by the size of their economies (GDP) and their geographical 

proximity. In comparison, this model considers the relative size of regional export 

sectors to determine the extent to which their export sectors are able to influence each 

other’s economies. However, even though distance is important in the gravity model, 

we are not considering this in our model as it is not intended to explain inter-regional 
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trade. Moreover, the distance between geographic centres of two Australian regions is 

not meaningful in an economic perspective, as most of the Australian population resides 

in the coastal areas. In addition, distance between the regional capital cities can often be 

misleading in regions which are dominated by mining and/or agriculture exports. Since 

mining and agriculture activities are generally located in remote areas away from 

densely populated capital cities (see Section 2.2.1), it would be not an appropriate proxy 

for distance and transportation costs. However, in discussing the estimated results we 

will consider the proximities amongst the regions. 

5.1.3 Methodology 

Testing the ELG Hypothesis 

The stationarity of the model variables is tested prior to estimating model (5.1), as 

discussed in Section 4.2, by using the Augmented Dickey-Fuller (ADF) test in order to 

avoid any spurious results. If the variables are all stationary in their level form, then 

equation (5.1) can be estimated with LS and the coefficient estimates can be used to test 

for the significance of the coefficients. If the variables are non-stationary in level form 

but are stationary in first-difference form, I(1), then the relationship may not be spurious 

if the variables are cointegrated. As with the national level ELG analysis, we perform 

the ARDL bounds test for cointegration developed by (Pesaran et al., 2001). The 

structural stability of the selected ARDL models is tested using the Cumulative Sum 

(CUSUM) and Cumulative Sum of Squares (CUSUMSQ) tests on the recursive 

residuals. 

In the next step, the direction of causality is tested between model variables. A Vector 

Error Correction Model (VECM), which includes lagged Error Correction Terms 

(ECTs) and differenced variables at lag length i ≤ 2, of cointegrated equations, is 
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estimated to carry out the Granger causality tests. Here, each equation is estimated on its 

own based on the respective cointegration test. If, however, cointegration is not present 

in any equation, it is estimated in the first difference without an ECT to carry out the 

Granger causality test. 

If the variables are cointegrated, then there is a long-run equilibrium relationship 

between the variables of equation (5.1). Since the TLO model equation (5.1) is in 

double-log form, the coefficient estimates represent the implied long-run elasticities of 

NY with respect to each right hand side variable. For example, the implied elasticity of 

NY in respect to X indicates the proportional change in domestic final demand brought 

about by a change in exports. If there is export-led growth, the sign of this particular 

elasticity is expected to be positive. Refer to Section 4.2 of Chapter 4 for a detailed 

explanation of the ARDL and Granger causality tests listed above. 

Testing the Cross-regional exports spillover Effects 

To analyse the exports spillover effects between the Australian regions, we use the 

cross-regional exports spillover model presented in (5.2) for region i. This model 

includes each region’s own SFD (NY) and the ratio of exports of other regions (Xj) to its 

own (Xi), all of which are in log form.  

Before using the model for estimation, we first test these variables for stationarity using 

the ADF unit root test described in Section 4.2.1. If the ADF test finds all the variables 

to be stationary in level form (i.e., I(0)), then model (5.2) may be estimated using OLS. 

However, if the variables are non-stationary in level form and stationary in their first-

differenced form, I(1), estimating equation (5.2) using OLS will give us biased and 

inconsistent estimates. Such a situation will require estimation using a method that can 



186 
 

work well with non-stationary variables such the Fully Modified Ordinary Least 

Squares (FMOLS). The FMOLS, a semi-parametric approach developed by Phillips and 

Hansen (1990), is asymptotically unbiased, employing asymptotic chi-square inferences 

to perform the Wald test, and known to correct for serial correlation (Funk and Strauss, 

2000). The FMOLS employs preliminary estimates of the symmetric and one-sided 

long-run covariance matrices of the residuals. This helps in overcoming problems with 

inference in other methods and as a result, the t-tests carried out in FMOLS are valid. 

The FMOLS also generates reliable estimates for small sample sizes such as ours. 

On the other hand, if our model variables are found to be of mixed orders of integration, 

the FMOLS is not valid for use and the ARDL approach, outlined in Section 4.2.2, may 

be used to estimate the linear equations.  

 

5.2 Data Description 

5.2.1 Data sources 

For the Australian regions (six states and one territory), State Final Demand (SFD) 

represents regional non-traded GSP and is available as annual chain volume (real) 

measures from 1990 to 2012. SFD is obtained from the ABS (2013c). Regional level 

exports data are taken from the ABS (2013d), which record exports from its state 

(region) of origin rather than port of exit. The exports data are provided as seasonally 

unadjusted monthly non-real series which are then summed up to a quarterly series and 

deflated using Export Price Index from the ABS (2013g). The RER, a seasonally 

unadjusted quarterly series, is taken from the RBA (2013). Data with regard to 

Australia’s terms of trade (TOT) are collected from ‘Balance of Payments and 
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International Investment Position Statistics’ by the ABS (2013e). The deflated quarterly 

exports series along with the RER are then seasonally adjusted using X11 and summed 

to obtain the annual data for the period 1990-2012. Refer to Appendix A4.2 for details 

on the X11 seasonal adjustment method. 

5.2.2 Graphical representation of the model variables 

In Figure 5.2, the model (5.1) variables, the regional final demand (NY) and the exports 

(X), are plotted to identify their movements and possible associations with each other. 

As seen in the national level plot in Figure 4.5 of Chapter 4, the Real Exchange Rate 

(RER) has been fluctuating but does not have any significant trend throughout the 

sample period. As the same RER is used in model (5.1), it is not plotted here. 

New South Wales (NSW) 

The plot of NSW’s final demand and exports shows that trends of these two variables 

are somewhat similar and trending upwards throughout the plot period. However, 

between 1990 and roughly 1999, exports appear to be growing faster than final demand 

and then slowing down since the early 2000s. 

Victoria 

The trends of final demand and exports in Victoria may appear to be quite dissimilar. 

Since the early 2000s, the final demand has been increasing while exports have 

continually fallen until about 2009 when they showed a slight increase. 

Queensland 

Queensland’s plot shows that the trends of final demand and exports are quite similar as 

they both consistently increase throughout the sample period. However, since the early 

2000s, exports appear to be fluctuating. 
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Figure 5.2: Plot of Final Demand and Exports, Australian Regions, 1990-2012 
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Figure 5.2: Plot of Final Demand and Exports, Australian Regions, 1990-2012 
(contd.) 
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The plot of SA’s variables shows that the trends of final demand and exports have been 

similar until the mid-2000s, when exports appear to dip while final demand continues to 

have an upward trend. 

Tasmania 

Tasmania’s plot shows that its final demand and exports were moving together until the 
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fluctuate more than final demand and there is a spike in exports in about 2001. 

Nevertheless, exports overall have an upward trend. 

Overall, the plots of the regional final demand and exports for the Australian regions 

show that there is co-movement between final demand and exports in Queensland and 

WA, and to some extent in NSW. We will formally test the model and the possible 

long-run relationships in Section 5.3. 

 

5.3 Empirical Results  

This section uses Australian regional data for the six states and one territory for the 

period 1990-2012 for model specification tests and estimation using procedures 

described in Section 5.1.3 using model (5.1), which we reproduce here.  

ln 𝑁𝑌𝑡 = 𝛽0 + 𝛽1 ln 𝑋𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 휀𝑡 

The null and the alternative hypotheses for the test based on model (5.1) are, 

H0: A long-run equilibrium relationship does not exist between variables (not cointegrated) 

HA: A long-run equilibrium relationship exists between variables (cointegrated)  

 

For ELG to be shown in the regions, model (5.1) has to have long-run equilibrium 

(cointegration), and long-run causality has to run from exports (X) to SFD (NY). 

However, if there is no cointegration in the model and/or short-run causality runs from 

X to NY, we can conclude that there is a short-run ELG. 

Firstly, the ADF unit root test is carried out25, and the null hypothesis of non-

                                                 
25 The Zivot-Andrews test is not performed for the regional data where the data period is significantly 
shorter, as this test is prone to substantial sample size distortions (Phillips and Xiao, 1998). In this 
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stationarity cannot be rejected for all variables except for ln X in NSW (Table A5.1, 

Appendix A5). In addition, the null is rejected in favour of the alternative of stationarity 

for all other variables in their first difference form. Thus, the ADF results show that the 

model variables are integrated of order 1 (I(1)) in all regions except NSW, where ln X is 

stationary in level form (i.e. I(0)). The ARDL bounds test may be applied for the TLO 

model (equation (5.1)) as the variables are not integrated of orders higher than 1. 

Using the ARDL approach to test for the cointegration of the model variables, the 

regional bounds test statistics and the finite-sample critical values are given in Table 

5.2. First, we consider the case when ln NY is the dependent variable, exactly as in 

equation (5.1). As can be seen, comparing the calculated F-statistic values with the 

lower and upper critical values, 

 cointegration is observed for NSW, Queensland, WA, and SA (as their 

respective calculated F-statistics are greater than the upper critical bounds); and  

 cointegration is not present in Victoria, Tasmania, and NT (where the respective 

calculated F-statistics are less than the lower critical bounds).  

Considering the system of equations with one equation for each variable as a function of 

the rest of the variables, we perform the test for cointegration. When ln X is a function 

of ln NY and ln RER, cointegration is detected in Victoria and Queensland only. When, 

we substitute the dependent variable with ln RER, cointegration is found in NSW, 

Victoria, Queensland, and Tasmania. The ARDL estimations from model (5.1) pass all 

the diagnostic tests, at the 5% level of significance (see Appendix A5.2, Table A5.2). 

Furthermore, the regional ARDL estimations pass the structural stability tests as seen in 

                                                                                                                                               
chapter, it is assumed that the absence of structural breaks (see Table A4.3, Appendix A4.3.2) in the 
national economy is reflected in the regional economies. 
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the plots of CUSUM and CUSUMSQ of recursive residuals given in Figure A5.1 in 

Appendix A5.2. 

Table 5.2: ARDL bounds test for cointegration, Australian regions 
Economy Dependent variable Test Statistic Critical bounds 

(α = 5%) 
Cointegrated? 

(1) (2) (3) (4) (6) 
NSW NY=f(X, RER) 7.43* [5.40, 6.35] Yes 

X=f(NY, RER) 1.86 [5.40, 6.35] No 

RER=f(X, NY) 5.64* [5.40, 6.35] Yes 

Victoria NY=f(X, RER) 5.02 [5.40, 6.35] No 
 X=f(NY, RER) 8.45* [5.40, 6.35] Yes 
 RER=f(X, NY) 10.81* [5.40, 6.35] Yes 
Queensland NY=f(X, RER) 24.19* [5.40, 6.35] Yes 
 X=f(NY, RER) 15.33* [5.40, 6.35] Yes 
 RER=f(X, NY) 7.19* [5.40, 6.35] Yes 
WA NY=f(X, RER) 8.25* [5.40, 6.35] Yes 
 X=f(NY, RER) 5.18 [5.40, 6.35] No 
 RER=f(X, NY) 3.77 [5.40, 6.35] No 
SA NY=f(X, RER) 7.29* [5.40, 6.35] Yes 
 X=f(NY, RER) 1.32 [5.40, 6.35] No 
 RER=f(X, NY) 2.82 [5.40, 6.35] No 
Tasmania NY=f(X, RER) 4.35 [5.40, 6.35] No 
 X=f(NY, RER) 4.76 [5.40, 6.35] No 
 RER=f(X, NY) 21.45* [5.40, 6.35] Yes 
NT NY=f(X, RER) 0.35 [5.40, 6.35] No 
 X=f(NY, RER) 2.37 [5.40, 6.35] No 
 RER=f(X, NY) 0.80 [5.40, 6.35] No 
H0: No cointegration. * If test statistic exceeds critical value, reject H0. As our sample size is 23, finite-
sample critical values from Narayan (2005) are used. 

 

We then proceed to testing the direction of causality by carrying out the Granger 

causality tests using VECM or VAR, whichever is applicable based on the cointegration 

tests. As can be seen from columns (3) to (6) of Table 5.3,  

 In NSW, Queensland, and WA, causality runs from ln X to ln NY in the long-run 

since their respective ECTs are negative and statistically significant;  
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 In Victoria, no causality can be found from ln X to ln NY.  

 Causality runs from ln X to ln NY in SA but the ECT is insignificant, which, 

therefore, means that the causality running from ln X to ln NY in SA is a short-

run relationship. 

 The causality running from ln X to NY in Tasmania and NT is short-run since 

there is no cointegration in these regions. 

Table 5.3: Granger causality test results, Long-run ELG 
(p-values in parentheses) 
Economy Dep. Var. ∆ ln NYt ∆ ln Xt ∆ ln RERt ECTt-1 Direction of 

Causality 
(1) (2) (3) (4) (5) (6) (7) 
NSW ∆ ln NYt - 6.03** 

(0.05) 
10.14* 
(0.00) 

–0.23* 
(0.00) 

X, RER  NY 

∆ ln Xt 1.32 
(0.25) 

- 0.05 
(0.82) 

- No causality 

∆ ln RERt 9.36* 
(0.00) 

1.43 
(0.23) 

- –0.42* 
(0.01) 

NY  RER 

Queensland ∆ ln NYt - 40.07* 
(0.00) 

35.07* 
(0.00) 

–1.17* 
(0.00) 

X, RER  NY 

∆ ln Xt 11.53* 
(0.00) 

- 23.78* 
(0.00) 

–2.84* 
(0.00) 

NY, RER  X 

∆ ln RERt 8.91* 
(0.01) 

14.24* 
(0.00) 

- –0.62* 
(0.00) 

X, NY  RER 

WA ∆ ln NYt - 9.84* 
(0.01) 

3.53* 
(0.06) 

–0.79* 
(0.00) 

X, RER  NY 

∆ ln Xt 3.13 
(0.21) 

- 8.82* 
(0.01) 

- RER  X 

∆ ln RERt 0.07 
(0.97) 

9.16* 
(0.01) 

- - X  RER 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * If p-value <0.05, reject 
H0 at 5% level. ** If p-value <0.10, reject H0 at 10% level of significance. Causality is long-run if 
respective ECT (in a cointegrating model) is negative and statistically significant; otherwise the causality 
is short-run. 

 

In addition, ln NY is seen to cause ln X in the long-run in Queensland (Table 5.3) while 

short-run causality is seen from ln NY to ln X in Victoria (Table 5.4). Furthermore, ln 

RER appears to cause both ln X and ln NY in the long-run in Queensland. In NSW, long-

run causality appears to run from ln RER to ln NY. In the short-run, ln RER also causes 

ln NY in WA and both ln NY and ln X in Tasmania. ln RER in NSW is seen to be caused 
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by ln NY in the long-run. Additionally, ln X and ln NY are seen to cause ln RER in the 

long-run in Queensland and Victoria. ln RER is caused in the short-run by ln X in WA 

and by ln NY in SA. Lastly, Tasmania’s X and NY appear to cause RER in the short-run. 

Table 5.4: Granger causality test results, Short-run or no ELG 
(p-values in parentheses) 
Economy Dep. Var. ∆ ln NYt ∆ ln Xt ∆ ln RERt ECTt-1 Direction of 

Causality 
(1) (2) (3) (4) (5) (6) (7) 
Victoria ∆ ln NYt - 2.31 

(0.32) 
2.43 

(0.30) 
- No causality 

∆ ln Xt 4.72* 
(0.03) 

- 0.39 
(0.53) 

–0.05 
(0.74) 

NY  X 

∆ ln RERt 37.32* 
(0.00) 

4.22* 
(0.04) 

- –0.93* 
(0.00) 

X, NY  RER 

SA ∆ ln NYt - 5.94* 
(0.02) 

9.58** 
(0.00) 

–0.04 
(0.46) 

X, RER  NY 

∆ ln Xt 0.17 
(0.68) 

- 1.64 
(0.20) 

- No causality 

∆ ln RERt 3.67** 
(0.06) 

1.64 
(0.20) 

- - NY  RER 

Tasmania ∆ ln NYt - 7.15* 
(0.03) 

6.28* 
(0.04) - X, RER  NY 

∆ ln Xt 2.38 
(0.30) 

- 7.37* 
(0.03) - RER  X 

∆ ln RERt 19.63* 
(0.00) 

10.26** 
(0.00) 

 –0.67* 
(0.00) 

X, NY  RER 

NT ∆ ln NYt - 5.92** 
(0.05) 

5.10** 
(0.08) 

- X, RER  NY 

∆ ln Xt 0.80 
(0.37) 

- 0.36 
(0.55) 

- No causality 

∆ ln RERt 0.31 
(0.58) 

0.36 
(0.55) 

- - No causality 

Dep. Var. = Dependent variable. H0: No causality towards dependent variable. * If p-value <0.05, reject 
H0 at 5% level. ** If p-value <0.10, reject H0 at 10% level of significance. Causality is long-run if 
respective ECT (in a cointegrating model) is negative and statistically significant; otherwise the causality 
is short-run. 
 

Based on these causality test results, it may be concluded that endogeneity may be an 

issue with RER. However, as we are using the ARDL approach, endogeneity is 

effectively corrected26. The estimation results are presented in Table 5.5. The long-run 

                                                 
26 Even though it is well documented that endogeneity is not an issue when using the ARDL cointegration 
approach, some researchers argue that endogeneity has to be treated as a separate issue. To alleviate these 
concerns, in Appendix A5.3 we perform 2SLS estimation by identifying an IV for RER. The results are 
found to be similar to the standard OLS estimation. 
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elasticities of regional final demand with respect to exports presented in column (3) of 

Table 5.5 are positive and significant for NSW, Queensland, and WA. This shows that 

when exports grow by one percent, the respective regional economy rises by 0.57 

percent in NSW, 0.98 percent in Queensland, and 0.61 percent in WA, ceteris paribus. 

The positive elasticities of NY with respect to exports show the positive effect of exports 

on regional final demand in the respective economies. 

Table 5.5: Estimation results, TLO model, 1990-2012 

(p-values in parentheses) 

Economy 
Dependent variable: ln NY 

Constant ln X ln RER 
𝛽0 𝜷𝟏 𝛽2 

(1) (2) (3) (4) 
NSW 3.84* 

(0.07) 
0.57* 
(0.01) 

0.69* 
(0.00) 

Queensland 0.74* 
(0.00) 

0.98* 
(0.00) 

0.24* 
(0.00) 

WA 2.51* 
(0.00) 

0.61* 
(0.00) 

0.58* 
(0.00) 

SA 3.78 
(0.43) 

1.31 
(0.30) 

–0.90 
(0.74) 

H0: Coefficient = 0, * If p-value <0.05, reject H0 at 5% level of significance. Victoria, Tasmania and NT 
are excluded since cointegration is not present in these regions. 
 

The long-run elasticities of regional final demand with respect to real exchange rate 

given in column (4) of Table 5.5 are positive in all regions except for SA, where it is 

negative and insignificant. Only the elasticities for NSW, Queensland, and WA are 

positive and significant. The highest significant elasticity of the real exchange rate is in 

NSW at about 0.70, followed by WA with a value of about 0.58 and Queensland with a 

value of 0.24. Ceteris paribus, a one percent increase in the real exchange rate lifts the 

regional final demand by 0.70 percent in NSW, 0.24 percent in Queensland and 0.58 

percent in WA. In a manner similar to exports, the real exchange rate also appears to 

boost regional final demand in NSW, Queensland, and WA. 
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5.4 Testing for Cross-Regional Export Spillover Effects – Empirical 

Results 

With the presence of ELG established for Australia, mainly in the resource-exporting 

regions of Australia, we proceed to testing for the cross-regional spillover effects of 

exports. As discussed in Section 5.1.2, the model used to test these spillover effects is 

equation (5.2), reproduced here: 

𝑙𝑛 𝑁𝑌𝑖𝑡 = β0 + ∑ βij 𝑙𝑛(Xj Xi⁄ )
t

7

j=1
j≠i

+ uit  

We begin by testing the model variables for stationarity (the results are provided in 

Table A5.4, Appendix A5.4). The variables are all non-stationary in level form and 

stationary in first difference form. As this model includes variables that are all 

integrated of order 1 or I(1), the spillover equation is estimated using FMOLS. The βij’s 

in this model represent the elasticity of NY with respect to region j’s exports as a ratio of 

region i exports. A positive value of βij represents positive spillover from region j 

exports to region i economy. Thus, the null and alternative hypotheses under this model 

are outlined as follows. For a region j (= 1,…,7, with j ≠ i) 

𝐻0: 𝛽𝑖𝑗 = 0,   (No spillover effect from region j to i) 

𝐻𝐴: 𝛽𝑖𝑗 ≠ 0,   (Spillover effect exists from region j to i) 

Model coefficient estimates for each region and their p-values for testing for the 

spillover effects are presented in Table 5.6. The findings from the spillover analysis 

from this table are outlined below: 

 The export spillover effects from NSW, Australia’s most populous region, to all 

other 6 regions are negative and statistically significant (column 2, Table 5.6). 
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The negative spillovers from NSW are generally greater than 1.00 in magnitude, 

except on Tasmania. This indicates that when the ratio of exports from NSW 

with respect to exports from another region, for example Victoria, increases by 

one percent, then Victoria’s final demand is decreases by 1.43 percent. 

 The export spillover effects of Victoria on other regions’ final demand are 

positive. This is in contrast to the results seen for NSW. However, the positive 

spillovers of Victorian exports are significant only for NSW, Queensland, and 

NT. 

 Queensland’s exports have positive and significant export spillovers on all other 

regions.  

 Exports from WA are also found to have positive export spillovers on other 

regions. WA’s export spillovers are significant in all cases and virtually equal to 

those of Queensland. 

 The export spillovers from SA, on the other hand, are negative for all regions 

except for Victoria and Tasmania (column 6, Table 5.6). However, SA’s export 

spillovers are statistically insignificant for all cases and as such, exports from 

SA are not seen to have any spillover effects. 

 Tasmanian exports are seen to have consistently negative spillovers (columns 7, 

Table 5.6). Yet, the negative spillovers from Tasmania are insignificant in 

Queensland and SA. 

 NT’s exports have negative spillovers that are significant on all other regions 

except Victoria. These negative externalities from NT’s exports are substantially 

smaller than those imparted by NSW or Tasmania. 
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Table 5.6: Estimation results – Cross-regional export spillover model (5.2) 
(p-values in parentheses) 

Region (i) 

Model: 𝑙𝑛 𝑁𝑌𝑖𝑡 = β0 + ∑ βij 𝑙𝑛(Xj Xi⁄ )
t

7
j=1
j≠i

+ uit 

ln (XN/Xi) ln (XV/Xi) ln (XQ/Xi) ln (XW/Xi) ln (XS/Xi) ln (XT/Xi) ln (XNT/Xi) Const. (β0) 
R̅2 Norm-

alitya 

Heterosc-

edasticityb 

Ramsey 

RESETc 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

NSW - 
0.55* 

(0.02) 

0.52* 

(0.01) 

0.53* 

(0.00) 

–0.09 

(0.60) 

–0.23** 

(0.06) 

–0.08** 

(0.09) 

11.73* 

(0.00) 
0.91 

0.82 

(0.67) 

1.95 

(0.13) 

0.70 

(0.42) 

Victoria 
–1.43* 

(0.00) 
- 

0.70* 

(0.01) 

0.58* 

(0.00) 

2.66×10–4 

(1.00) 

–0.30** 

(0.06) 

–0.10 

(0.10) 

11.33* 

(0.00) 
0.92 

1.60 

(0.45) 

2.48 

(0.07) 

1.29 

(0.27) 

Queensland 
–1.72* 

(0.00) 

0.68* 

(0.04) 
- 

0.81* 

(0.00) 

–0.16 

(0.52) 

–0.25 

(0.15) 

–0.16* 

(0.02) 

10.78* 

(0.00) 
0.92 

0.20 

(0.90) 

1.99 

(0.13) 

0.04 

(0.84) 

WA 
–1.16* 

(0.00) 

0.45 

(0.15) 

0.49* 

(0.07) 
- 

–0.23 

(0.34) 

–0.31** 

(0.08) 

–0.16* 

(0.02) 

9.94* 

(0.00) 
0.93 

0.11 

(0.95) 

2.54 

(0.07) 

0.01 

(0.92) 

SA 
–1.10* 

(0.00) 

0.34 

(0.11) 

0.56* 

(0.01) 

0.46* 

(0.00) 
- 

–0.16 

(0.11) 

–0.08** 

(0.06) 

10.37* 

(0.00) 
0.94 

1.31 

(0.52) 

1.59 

(0.21) 

0.61 

(0.45) 

Tasmania 
–0.84* 

(0.00) 

0.13 

(0.40 

0.57* 

(0.00) 

0.33* 

(0.00) 

0.04 

(0.72) 
- 

–0.10* 

(0.02) 

9.33* 

(0.00) 
0.94 

0.20 

(0.91) 

1.93 

(0.14) 

0.01 

(0.93) 

NT 
–2.24* 

(0.00) 

1.19* 

(0.01) 

1.21* 

(0.00) 

0.82* 

(0.00) 

–0.26 

(0.46) 

–0.55* 

(0.03) 
- 

7.47* 

(0.00) 
0.88 

0.13 

(0.94) 

1.09 

(0.41) 

0.03 

(0.88) 

Export (X) suffix: N = NSW, V = Victoria, Q = Queensland, W = WA, S = SA, T = Tasmania, and NT = NT. 
H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level. ** If p-value <0.10, reject H0 at 10% level. 
a: Jarque-Berra test for residual normality, H0: Residuals are normal. b = Breusch-Pagan LM test for Heteroscedasticity, H0: Model does not exhibit heteroscedasticity. c: 
Ramsey’s RESET test using the square of the fitted values, H0: Function correctly specified. * If p-value <0.5, reject H0 at 5% level of significance. 
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Our estimated models exhibit very high goodness of fit as all R̅2 are in excess of 0.85 

(column 10, Table 5.6). A look at the diagnostic tests (columns 11 to 13, Table 5.6) 

shows that the null hypothesis under the tests for residual normality, homoscedasticity, 

and correct functional specification are not rejected at five percent level of significance. 

This demonstrates that the estimated cross-regional export spillover models satisfy these 

regressions assumptions and inferences made from them are valid. 

 

5.5 Summary of Findings 

The ELG hypothesis has empirical support if there is causality running from exports (X) 

to non-traded GSP or SFD (NY). Table 5.7 provides a summary of the cointegration and 

Granger causality tests results from the Australian regions given in Tables 5.2 to 5.5. 

Based on the cointegration and causality tests, the ELG hypothesis is validated in the 

long-run ELG in NSW, Queensland, and WA where X Granger causes NY in the long-

run. In the boom region of Queensland, we also find NY to cause X in the long-run, 

which is indicative of Growth-Led Exports or GLE. In contrast, short-run GLE is found 

in Victoria only. 

Table 5.7: Testing the ELG hypothesis, Australian regions 
Economy Cointe-

grated? 
X Granger 
causes NY? 

Short-run or 
long-run 

causality? 

Relationship 
between 

 NY and X 

ELG present? 

(1) (2) (3) (4) (5) (6) 
NSW Yes Yes Long-run Positive Yes, long-run  
Victoria No No N/A N/A No 
Queensland Yes Yes Long-run Positive Yes, long-run 
WA Yes Yes Long-run  Positive Yes, long-run 
SA Yes Yes Short-run Positive Yes, short-run 
Tasmania No Yes Short-run N/A Yes, short-run 
NT No Yes Short-run N/A Yes, short-run 
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The presence of long-run ELG in Queensland and WA can be attributed to the mining 

boom, especially in coal and iron ore exports, in their respective regions. This is 

evidenced by the long-run causality running from exports to regional final demand and 

by the positive and significant long-run elasticity of regional final demand with respect 

to mining exports. However, the case of NSW is intriguing since it is a non-boom 

region enjoying long-run ELG. While NSW is not a boom region, its major export item 

is coal, and mining and fuels exports form a majority of NSW’s exports (column 8, 

Table 2.6, Chapter 2). This is possibly the reason why NSW is the only non-boom 

region where exports grew between 2001 and 2012 (Figure 5.1). 

On the other hand, Victoria is the only region which does not undergo ELG where X is 

not found to cause NY. As seen in Figure 5.1 and Table 5.1, Victoria is seen to record 

the biggest fall in regional exports (about 44 percent) between 2001 and 2012, and its 

exports are dominated by the agriculture and manufacturing sectors, which have not 

been growing in recent years. These are likely reasons behind a lack of ELG in Victoria. 

In contrast, SA, Tasmania, and NT are seen to experience short-run ELG where NY is 

caused by X in the short-run only. SA undergoes short-run ELG and relies mostly, 

amongst the Australian regions, on agricultural exports (column 7, Table 2.6, Chapter 

2). Dependence on agricultural exports may have led to a 19 percent decline in total 

exports of SA, as seen in Figures 5.1 and 2.9 (see Chapter 2), since a declining trend in 

overall Australian Agricultural exports is also observed from 1991 to 2012 (Figure 2.4, 

Chapter 2). This decline in exports may have been behind SA experiencing short-run 

ELG. Like Victoria, Tasmania relies heavily on manufacturing exports and experiences 

the third highest fall in exports. By contrast, NT records the second largest drop in 

exports despite mining and fuels exports forming the bulk of its total exports (DFAT, 
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2013). Therefore, the short-run ELG in both Tasmania and NT is also a likely outcome 

of large reductions in their respective exports. 

Since there is no long-run ELG in Victoria, SA, Tasmania, and NT and a contraction in 

their exports between 2001 and 2012 (Figure 5.1), it may be argued that the long-run 

ELG in Australia (1990-2012) as a whole, and NSW, Queensland, and WA in 

particular, is driven primarily by growth in exports, and precisely, by the boom in coal 

and iron ore exports during the period from 1990 to 2012. Moreover, Victoria, SA, 

Tasmania, and NT contribute less than a fifth of the total exports of Australia; the rest is 

contributed by the three larger exporters, NSW, Queensland, and WA signifying the 

importance of mining exports and also of the economies of scale in ELG (see Table 5.1 

and Table 2.6, Chapter 2). Long-run GLE is observed only in Queensland implying that 

growth improves the competitiveness of its (mining) exports. 

Additionally, the implied elasticities of NY with respect to X, presented in column 3 of 

Table 5.5, are positive, indicating that the proportional change in final demand resulting 

from a change in exports is positive. These positive elasticities provide additional 

support for the causality test results. The elasticity of NY with respect to RER is also 

found to be positive (column 4, Table 5.5). This is intriguing as it shows a positive 

proportional change in NY with respect to the RER appreciation. An appreciation in the 

RER may encourage regional consumption and also domestic and foreign direct 

investment simultaneously as imported consumer and capital goods become cheaper. 

Furthermore, when we look at the cross-regional export spillovers in Table 5.6, we can 

see that only the boom regions consistently wield positive spillover effects on other 

regions. While Victoria also has positive spillovers, its effects are significant only in the 

case of NSW, Queensland, and WA. The positive spillovers from Queensland and WA 
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can be credited to these regions being boom regions as well as being the largest 

exporting regions (column 7, Table 5.1). This may also be attributed to the large 

amounts of investment going into the mining sectors of these economies (Figure 2.11, 

Chapter 2). Moreover, many of the fly-in fly-out workers originating from non-boom 

regions work, on a fixed-time rotational basis, in the (often) remote areas of the boom 

regions (McKenzie, 2010; Hajkowicz et al., 2011). When these workers fly out they 

help spread some of the benefits (including earned incomes) of the mining boom to the 

non-boom regions. 

Table 5.1 also shows that Victoria, despite being the second most populous region, 

exports only the fourth largest amount among the regions. As noted above, Victoria lags 

in the exports area since its export basket largely comprises agricultural and 

manufacturing goods (Table A2.1, Appendix A2). Victoria also suffers the largest 

decline in exports between 2001 and 2012 amongst the regions (see Figure 2.9, Chapter 

2). Dwindling agricultural and manufacturing exports are likely to be related to its 

export spillovers having positive and significant effects on NSW, Queensland, and NT 

only. However, Victoria’s positive spillover effects on NSW and Queensland may also 

be due to its proximity to these two regions, which is suggestive of a ‘gravity spillover 

effect’, somewhat related to the Gravity model of trade (Tinbergen, 1963). Therefore, 

sagging exports in its key sectors and a likely presence of Dutch disease have prevented 

Victoria from generating surpluses that would emanate positive spillovers to other 

regions. 

By contrast, NSW exports are found to have large negative spillovers on all other 

regions. This could be an indication of crowding out by NSW since it is the largest 

regional economy as well as the largest exporter after the boom regions (column 6, 
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Table 5.1) and it is likely that, due to its sheer size, any increase in exports from this 

region eats away at other region’s expense – some sort of manifestation of the 

“crowding out effect”. Since most of the exports from other regions are agricultural and 

mining products (Table A2.1, Appendix A2), any increase in NSW exports, which are 

also largely mining and agricultural products, will also negatively affect the exports of 

these economies. Simply put, there is a substitution effect between exports of NSW and 

those of the other regions. A similar effect is observed in Asia (albeit not within one 

country), where exports from the largest economy, China, are seen to “crowd out” other 

low-value added export items from smaller Asian countries (Eichengreen et al., 2007). 

In addition, when NSW’s exports and income rise, it is likely to attract more labour and 

capital from the other regions due to its sheer size. This inter-regional migration to the 

biggest Australian region is also a likely contributing factor in reducing incomes of 

other regions. 

The other smaller regions, SA, Tasmania, and NT, have negative spillover effects on 

other regions’ economies. However, most of their negative spillovers are statistically 

insignificant, indicating the importance of size in bringing about spillover effects. As 

seen in Table 5.1, exports from SA, Tasmania, and NT are miniscule in comparison to 

the larger regions. In addition, Figure 5.1 shows that these regions also suffered large 

losses in exports between 2001 and 2012. Furthermore, except for NT, these regions’ 

exports are dominated by agricultural and manufacturing exports (refer to Table 2.6, 

Chapter 2 and Table A2.1, Appendix A2), which are likely to compete with exports 

from other regions, especially the larger regions. Thus, the relatively smaller exports 

baskets, which are likely to compete with exports from the larger regions, may have led 

to negative spillovers from these regions. Higher exports from these regions also allow 
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retention of skilled workers, preventing migration to bigger regions. An increase in 

exports may also provide a lure of higher return to capital, attracting investment at the 

expense of other regions. 

 

5.6 Concluding Comments 

Australia’s strong economic performance has been attributed, without much empirical 

support, to the mining exports boom that began in the early 21st century. Additionally, 

this mining boom is credited with being a boon for certain regional economies of 

Australia. In this chapter, the regional (within-country) impacts of exports on 

macroeconomic growth within Australia are econometrically evaluated to fill a unique 

gap in the Australian ELG literature. 

Our empirical analysis detects long-run ELG in NSW, Queensland, and WA, in 

particular amongst the regions, between 1990 and 2012. The dominance of mining 

exports in these three economies can be attributed to their long-run ELG. However, in 

the other regions we find evidence of short-run ELG, while Victoria does not undergo 

ELG. The lack of ELG in Victoria is likely due to the region recording the biggest fall 

in regional exports between 2001 and 2012. In contrast, short-run ELG is observed in 

SA, Tasmania, and NT, where causality runs from exports to regional final demand in 

the short-run. These three regions also experience a decline in exports, albeit to a lesser 

extent, compared to Victoria. We also see that there is long-run GLE in Queensland 

only as there is little or no GLE in the other regions. 

When we look at the cross-regional export spillovers, only exports from Queensland 

and WA, which are boom regions, are found to consistently deliver positive spillover 
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effects on other regions. The other regions, with the exception of Victoria, are seen to 

have negative (NSW, Tasmania, and NT) or no spillover effects (SA). 

Thus, support for long-run ELG in NSW, Queensland, and WA provides basis for the 

continuation of using exports, especially that of resources, as a source of regional 

economic growth. However, because ELG is observed in regions where coal and iron 

ore dominate respective exports baskets, it is imperative that other export sectors are 

promoted in conjunction with the resources sector so that the regions not experiencing 

long-run ELG, such as SA, Tasmania, and NT, are able to produce exports which will 

help them stimulate long-run economic growth. Steps also need to be taken so that 

Victoria, which does not undergo ELG, is able to produce exports to stimulate growth in 

its economy. This chapter’s findings show that ELG differs across Australia’s regions, 

which is in line with prior regional ELG literature in other countries that observe the 

unevenness of ELG across the various regions of their respective economies (Sun and 

Parikh, 2001; Jin, 2002; Ljungwall, 2006). 

In Chapter 6, the analysis of the ELG hypothesis at the national and regional levels in 

Australia is extended by using disaggregated exports data. This will also act as a 

robustness check for Chapters 4 and 5 and will glean further information about the 

export sectors that may be contributing to growth nationally and regionally in Australia.  
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Appendix A5 

 

A5.1 Stationarity test results by region, TLO model 

The ADF test statistics for the TLO model variables are given in columns (2) to (8) in 

Table A5.1. As can be seen, the null hypothesis of non-stationarity is not rejected in 

level form for every variable and region except for ln X in NSW. The variables are 

found to reject the null hypothesis in their first difference form and as such, can be 

declared to be integrated of order 1 or I(1). 
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Table A5.1: ADF unit root tests by region, TLO model 
(p-values in parentheses) 
Series NSW Victoria Queensland WA SA Tasmania NT 

(1) (2) (3) (4) (5) (6) (7) (8) 

ln NYt –2.85 

(0.20) 

–1.38 

(0.84) 

–3.16 

(0.12) 

–1.71 

(0.71) 

–2.76 

(0.22) 

–2.48 

(0.33) 

–0.62 

(0.97) 

∆ ln NYt –3.92* 

(0.03) 

–4.64* 

(0.01) 

–3.82* 

(0.04) 

–4.02* 

(0.02) 

–4.44* 

(0.01) 

–4.78* 

(0.01) 

–6.51* 

(0.00) 

ln Xt –3.73* 

(0.05) 

–1.93 

(0.61) 

–1.46 

(0.81) 

–2.87 

(0.19) 

–1.66 

(0.74) 

–0.88 

(0.94) 

–3.04 

(0.15) 

∆ ln Xt - –6.46* 

(0.00) 

–7.19* 

(0.00) 

–6.08* 

(0.00) 

–5.41* 

(0.00) 

–5.67* 

(0.00) 

–3.50** 

(0.07) 

ln RERt –1.68 

(0.73) 

–1.68 

(0.73) 

–1.68 

(0.73) 

–1.68 

(0.73) 

–1.68 

(0.73) 

–1.68 

(0.73) 

–1.68 

(0.73) 

∆ ln RERt –4.37* 

(0.02) 

–4.37* 

(0.02) 

–4.37* 

(0.02) 

–4.37* 

(0.02) 

–4.37* 

(0.02) 

–4.37* 

(0.02) 

–4.37* 

(0.02) 

ln TOTt –2.02 

(0.56) 

–2.02 

(0.56) 

–2.02 

(0.56) 

–2.02 

(0.56) 

–2.02 

(0.56) 

–2.02 

(0.56) 

–2.02 

(0.56) 

∆ ln TOTt –6.34* 

(0.00) 

–6.34* 

(0.00) 

–6.34* 

(0.00) 

–6.34* 

(0.00) 

–6.34* 

(0.00) 

–6.34* 

(0.00) 

–6.34* 

(0.00) 

H0: Series has a unit root. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject H0 at 10% level of significance.  
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A5.2 Diagnostic Test Results 

This section presents the robustness and diagnostic checks for the TLO model estimated 

in Section 5.3. 

ARDL Model diagnostic test results 

This table contains the diagnostic tests, including tests for serial correlation, functional 

misspecification, residual normality, and heteroscedasticity on the TLO model (5.1). 

Refer to Section 4.2.3 in Chapter 4 for details on these tests. The estimated test statistics 

and the associated p-values are given in columns (2) to (5) of Table A5.2. The null 

hypothesis is not rejected in any of these tests and the model is, thus, found to be free 

from serial correlation, functional misspecification, non-normal residuals, and 

heteroscedasticity. 

Table A5.2: ARDL diagnostic test results, Australian regions 
(p-values in parentheses) 

Economy 
Test 

Serial 
Correlationa 

Ramsey 
RESETb 

Residual 
Normalityc 

Hetero-
scedasticityd 

(1) (2) (3) (4) (5) 
NSW 0.87 

(0.35) 
1.14 

(0.29) 
1.72 

(0.42) 
1.39 

(0.24) 
Victoria 0.30 

(0.58) 
1.85 

(0.19) 
5.48 

(0.06) 
2.99 

(0.10) 
Queensland 3.40 

(0.09) 
0.02 

(0.90) 
1.16 

(0.56) 
2.34 

(0.13) 
WA 0.31 

(0.58) 
0.64 

(0.42) 
1.44 

(0.49) 
0.77 

(0.38) 
SA 0.05 

(0.83) 
2.29 

(0.13) 
0.07 

(0.96) 
1.51 

(0.22) 
Tasmania 0.36 

(0.43) 
2.02 

(0.80) 
0.94 

(0.53) 
0.26 

(0.41) 
NT 2.74 

(0.10) 
0.47 

(0.49) 
1.64 

(0.44) 
2.35 

(0.13) 
a = Lagrange multiplier test of residual serial correlation, b = Ramsey’s RESET test using the square of the fitted 
values, c = Normality based on a test of skewness and kurtosis of residuals, d = Heteroscedasticity test based on the 
regression of squared residuals on squared fitted values. a. H0: No serial correlation, b. H0: Functional specification is 
correct, c. H0: Residuals are normal; d. H0: Model exhibits homoscedasticity. * If p-value <0.05, reject H0 at 5% level 
of significance. 
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Tests of Structural Stability: CUSUM and CUSUMSQ Tests 

In Figure A5.1, CUSUM and CUSUMSQ of recursive residuals are plotted (columns 2 
and 3) to test for structural stability of the estimated regional TLO models (5.1). As 
none of the plots cross the five percent critical bounds, the estimated model is found to 
be free from any structural instability. 

Figure A5.1: CUSUM and CUSUMSQ plots, Australian regions 

Economy CUSUM CUSUMSQ 
(1) (2) (3) 

NSW 

  

Victoria 

  

Queensland 

  

WA 

  

SA 

  

Tasmania 

  

NT 

  

Broken lines represent 5% critical bounds. Plots (solid lines) crossing the critical bounds indicates structural 
instability in the model. 
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A5.3 Endogeneity and Instrumental Variable (IV) Estimation 

There is dual causation between NY and RER in the long-run in NSW and Queensland, 

and in the short-run in SA and Tasmania. In addition, there is dual causation between X 

and RER in NSW, Queensland, WA, and Tasmania. From these causality test results, it 

appears that RER is endogenous to the TLO model in these regions. As a result, we 

estimate equation (5.1) using Two-Stage Least Squares (2SLS) and instrument for RER 

using TOT. Selection of TOT as an instrument for RER is based on the literature and 

some criteria outlined in Appendix A4.4. The estimated 2SLS results are presented in 

Table A5.3. 

Table A5.3: Instrumental variable estimation results, model (5.1) 
(p-values in parentheses) 

Model:𝑙𝑛 𝑁𝑌𝑡 = 𝛽0 + 𝛽1 𝑙𝑛 𝑋𝑡 + 𝛽2 𝑙𝑛 𝑅𝐸�̂�𝑡 + 휀𝑡, RER instrumented by TOT 

Region Constant ln Xt ln 𝑅𝐸�̂�𝑡 Shea’s 
partial 

R̅2 

Stock-Yogo test Correlation with 
eqn. (5.1) 
residuals 

Max 
eigenvalue 
statistica 

Critical 
value 

 (β0) (β1) (β2)      
(1) (2) (3) (4) (5) (6) (7) (8) 
NSW 1.46 

(0.00) 
0.66* 
(0.00) 

0.99* 
(0.00) 

0.83 106.35* 16.38 0.02 

Queensland 0.60 
(0.08) 

0.85* 
(0.00) 

0.58* 
(0.00) 

0.77 72.10* 16.38 0.05 

WA 2.47* 
(0.00) 

0.48* 
(0.00) 

0.90* 
(0.00) 

0.65 40.51* 16.38 0.18 

SA 2.54* 
(0.00) 

0.33* 
(0.00) 

1.28* 
(0.00) 

0.84 111.02* 16.38 0.31 

Tasmania –0.19 
(0.88) 

0.54* 
(0.00) 

1.31* 
(0.00) 

0.82 95.89* 16.38 0.37 

H0: Coefficient = 0, * If p-value <0.05, reject H0 at 5% level of significance. 

a: Stock and Yogo (2005) test for weak instruments. H0: Instruments are weak. * If max eigenvalue 
statistic > critical value, reject H0. 

 

As the variables of the model are all in logarithmic form, the coefficients of ln X and ln 

RER represent the long-run elasticities. The Stock-Yogo test for weak instruments finds 

its null of weak instruments to be rejected in all five regions. Therefore, it fails to find 

TOT as a weak instrument for RER (Table A5.3, column 6 and 7). In addition, TOT is 

highly correlated with RER and has low correlation coefficients with residuals from 

model (5.1) (column 8, Table A5.3). 
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The long-run elasticities of NY with respect to X (column 3, Table A5.3) are positive 

and significant for all regions. This shows that when exports grow by one percent, the 

regional final demand rises by some 0.66 percent in NSW, 0.85 percent in Queensland, 

0.48 percent in WA, 0.33 percent in SA, and by 0.54 percent in Tasmania, ceteris 

paribus. The long-run elasticities of final demand with respect to the real exchange rate 

are also positive in all regions (column 4, Table A5.3). The highest significant elasticity 

of RER is in Tasmania at about 1.31, followed by SA at about 1.28, and by NSW, WA, 

and Queensland with values of 0.99, 0.90, and 0.58 respectively. Ceteris paribus, a one 

percent increase in the real exchange rate lifts regional final demand by 0.99 percent in 

NSW, 0.58 percent in Queensland, 0.90 percent in WA, 1.28 percent in SA, and by 1.31 

in Tasmania. In a manner similar to exports, real exchange rate also appears to boost 

final demand in the regional economies. 

The results obtained using 2SLS are generally consistent (with the exception of SA and 

Tasmania) with the standard estimation results presented in Table 5.5. 

 

A5.4 Stationarity test results by region, Cross-regional export spillover model 

The ADF test results for the cross regional export spillover model (5.2) variables are 

given in columns (2) to (8) in Table A5.4. As can be seen, the null hypothesis of non-

stationarity is not rejected in level form for every variable and region. The variables are 

found to reject the null hypothesis in their first difference form and as such, can be 

declared to integrated of order 1 or I(1). 
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Table A5.4: ADF unit root tests by region, Cross-regional export spillover model 
(p-values in parentheses) 
Variable Region (i) 

 NSW Victoria Queensland WA SA Tasmania NT 
(1) (2) (3) (4) (5) (6) (7) (8) 

ln (XN/Xi) - –0.36 
(0.90) 

–0.64 
(0.84) 

2.26 
(1.00) 

–2.20 
(0.21) 

–1.30 
(0.61) 

–2.56 
(0.12) 

∆ ln (XN/Xi) - –4.66* 
(0.00) 

–4.92* 
(0.00) 

–5.47* 
(0.00) 

–4.57* 
(0.00) 

–4.59* 
(0.00) 

–3.46* 
(0.02) 

ln (XV/Xi) 
–0.36 
(0.90) - –1.37 

(0.57) 
1.37 

(1.00) 
–0.52 
(0.87) 

–1.61 
(0.46) 

–0.95 
(0.75) 

∆ ln (XV/Xi) 
–4.66* 
(0.00) - –5.13* 

(0.00) 
–4.02* 
(0.01) 

–5.46* 
(0.00) 

–4.14* 
(0.00) 

–3.60* 
(0.01) 

ln (XQ/Xi) 
–0.64 
(0.84) 

–1.37 
(0.57) - 1.86 

(1.00) 
–1.39 
(0.57) 

3.88* 
(1.00) 

–2.42 
(0.15) 

∆ ln (XQ/Xi) 
–4.92* 
(0.00) 

–5.13* 
(0.00) - –7.55* 

(0.00) 
–5.24* 
(0.00) 

–3.16* 
(0.04) 

–3.96* 
(0.01) 

ln (XW/Xi) 
2.26 

(1.00) 
1.37 

(1.00) 
1.86 

(1.00) - 0.52 
(0.98) 

1.16 
(1.00) 

–2.27 
(0.19) 

∆ ln (XW/Xi) 
–5.47* 
(0.00) 

–4.02* 
(0.01) 

–7.55* 
(0.00) - –4.66* 

(0.00) 
–4.09* 
(0.01) 

–3.08* 
(0.04) 

ln (XS/Xi) 
–2.20 
(0.21) 

–0.52 
(0.87) 

–1.39 
(0.56) 

0.52 
(0.98) - –2.31 

(0.18) 
–1.89 
(0.33) 

∆ ln (XS/Xi) 
–4.57* 
(0.00) 

–5.46* 
(0.00) 

–5.24* 
(0.00) 

–4.66* 
(0.00) - –5.49* 

(0.00) 
–4.18* 
(0.00) 

ln (XT/Xi) 
–1.30 
(0.61) 

–1.61 
(0.46) 

3.88 
(1.00) 

1.16 
(1.00) 

–2.31 
(0.18) - –2.24 

(0.20) 

∆ ln (XT/Xi) 
–4.59* 
(0.00) 

–4.14* 
(0.00) 

–3.16* 
(0.04) 

–4.09* 
(0.01) 

–5.49* 
(0.00) - –3.82* 

(0.01) 

ln (XNT/Xi) 
–2.56 
(0.12) 

–0.95 
(0.75) 

–2.42 
(0.15) 

–2.27 
(0.19) 

–1.89 
(0.33) 

–2.24 
(0.20) - 

∆ ln (XNT/Xi) 
–3.46* 
(0.02) 

–3.60* 
(0.01) 

–3.96* 
(0.01) 

–3.08* 
(0.04) 

–4.18* 
(0.00) 

–3.82* 
(0.01) - 

Export (X) suffix: N = NSW, V = Victoria, Q = Queensland, W = WA, S = SA, T = Tasmania, and NT = NT. 
H0: Series has a unit root. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject H0 at 10% level of significance.  
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Chapter 6: Export-Led Growth by Export Sector 

in Australia and its Regions 

 

6.0 Introduction 

In Chapter 4, we found evidence of Export-Led Growth (ELG) in Australia during the 

period 1981-2012. Chapter 5 tested the ELG hypothesis in Australia’s regions and 

found evidence for it in NSW, Queensland, and WA. Evidence for ELG in the other 

regions has been weak or non-existent. We also noted that ELG was evident mainly in 

the mining boom regions. This brings us to the question, “Which export sector is the 

main source of growth?” 

Empirical literature analysing the ELG hypothesis at a disaggregated level is scarce, and 

is unavailable in the case of Australian regions. Our survey of the literature found only 

10 major ELG studies using disaggregated data: Giles et al. (1992), Bodman (1996), 

Ghatak et al. (1997), Ghatak and Price (1997), Khalafalla and Webb (2001), Cuaresma 

and Wörz (2005), Herzer et al. (2006), Siliverstovs and Herzer (2006), Parida and 

Sahoo (2007), and Iqbal et al. (2011). 

The Giles et al. (1992) study for New Zealand rejects the ELG hypothesis at the 

aggregate level but finds some export categories to Granger cause growth. Bodman 

(1996), on the other hand, finds evidence of manufacturing ELG in Australia and 

Canada. Bodman’s study, however, is not a proper disaggregated ELG analysis, since 

only total and manufacturing exports are used, without accounting for the other export 

sectors. Ghatak et al. (1997) conclude that manufacturing is an engine of Malaysian 

economic growth, while Ghatak and Price (1997) find that non-traditional manufactured 
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goods Granger causes GDP growth in India but traditional manufactured goods have 

only minor effects. Khalafalla and Webb’s (2001) study finds that primary exports 

contribute more to growth in Malaysia than manufacturing exports do. 

Cuaresma and Wörz (2005) extends Feder’s (1983) model to study the differing effects 

of exports from 33 industries on GDP growth in a panel of 45 countries including 

Australia. Their results show that there are qualitative differences between high- and 

low-tech exports with respect to output growth. 

In Chile, Herzer et al. (2006) and Siliverstovs and Herzer (2006) observe a one-way 

causality to run from manufactured exports to the GDP net of exports while primary 

exports fail to have any favourable impact on GDP. Parida and Sahoo (2007) find a 

manufacturing ELG in Bangladesh, India, Pakistan, and Sri Lanka while Iqbal et al. 

(2011) find short-run manufacturing ELG in Pakistan. 

Figure 6.1: Exports by sector, Australia, 1991, 2001 and 2012 

 
Source: ABS (2013c). 

 

In Figure 6.1, we present a bar chart of the value of exports by the three main export 

sectors of Australia in 1991, 2001, and 2012. Figure 6.1 paints a revealing picture of the 
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sector since 1991, has grown more rapidly than either agriculture or manufacturing, 

especially after 2001. On the other hand, exports of agricultural goods increased 

substantially between 1991 and 2001 before declining afterwards in 2012. However, 

exports from the manufacturing sector are seen to have declined slowly between 1991 

and 2012. 

In Table 6.127 and Figure 6.2, we present the exports from the regions by four broad 

sectors: (i) Agriculture (AG), (ii) Mining and Fuels (MF), (iii) Manufacturing (MA), 

and (iv) Other (O)28. Table 6.1 also presents the percentage contribution from each 

region to the Australian exports in each of the four sectors. 

Table 6.1: Real merchandise exports by sector, Australia and its regions, 2012 

Region 
Real merchandise exports (A$bn) Share of exports (% of total) 

Agri. Mining Manu. Other Total Agri. Mining Manu. Other Total 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

NSW 4.9 21.0 11.0 3.7 40.5 12.1 51.9 27.2 9.1 100.0 
Victoria 7.3 4.3 8.1 1.9 21.6 33.8 19.9 37.5 8.8 100.0 
Queensland 5.7 30.6 7.3 9.2 52.9 10.8 57.8 13.8 17.4 100.0 
WA 4.0 88.4 3.7 24.5 120.5 3.3 73.4 3.1 20.3 100.0 
SA 4.7 2.7 2.9 1.1 11.4 41.2 23.7 25.4 9.6 100.0 
Tasmania 0.6 0.9 1.3 0.4 3.2 18.8 28.1 40.6 12.5 100.0 
NT 0.2 3.9 0.2 0.9 5.3 3.8 73.6 3.8 17.0 100.0 
Australia 27.4 151.8 34.5 41.7 255.4 100.0 100.0 100.0 100.0 100.0 
Source: DFAT (2013).  
Agri.: Agriculture, Mining: Mining and Fuels, and Manu: Manufacturing. 
 
 

The real merchandise exports in columns (2)-(5) of Table 6.1, and in Figure 6.2, show 

that NSW exports are mainly in the ‘Mining and Fuels’ and the Manufacturing sectors; 

Victorian exports are mainly from the Agriculture and Manufacturing sectors; 

                                                 
27 Reproduced here from Table 2.6 in Chapter 2. 
28 Exports belonging to the ‘Other’ sector include some merchandise exports that cannot either be 
categorised under the previous three sectors or are confidential export items which may include 
commercially and politically sensitive items belonging to the three main export sectors. 
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Queensland and WA exports are from the Mining and Fuels sector; SA exports are 

mainly from the Agriculture sector; Tasmanian exports are from the Manufacturing 

sector; and NT exports are mainly from the Mining and Fuels sector. The export 

contributions from Tasmania and NT are very small compared to those of the other 

(much larger) regions. Figure 6.2 also clearly shows the major contribution that WA and 

Queensland, and to a smaller extent NSW, make towards the Australian exports, 

especially in Mining and Fuel exports. 

Figure 6.2:  Real merchandise exports by sector, Australian regions, 2012 

 
Source: DFAT (2013).  

 

This chapter empirically explores the export-led growth hypothesis at the disaggregated 

level by using exports data divided into four broad sectors, Agriculture, Mining and 

Fuels, Manufacturing, and Other. The ELG hypothesis is tested for Australia both 

nationally and in its regions at the sectoral level to understand whether there is a sector-

wise ELG nationally or in the various regions of Australia. Exploring the ELG 
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hypothesis at a disaggregated level will have substantial policy implications as policy 

makers in each region will be able to determine which exports sectors are non-

performing and take necessary steps to remedy the situation. 

This chapter is structured in the following manner. Section 6.1 specifies the model used 

for estimation and explains the employed methodologies, Section 6.2 outlines the 

available data, Section 6.3 provides the estimation results and their implications, and 

Section 6.4 provides the concluding comments. 

 

6.1 Model Specification and Methodology 

In this chapter we use the TLO model used in Chapters 4 and 5, equations (4.21) and 

(5.1), with exports disaggregated into four broad sector exports to capture the effect of 

the individual sector exports on economic growth in Australia and its regions. Studies 

that have used disaggregated exports data in similar extended ELG models include 

Giles et al. (1992) for New Zealand and Khalafalla and Webb (2001) for Malaysia. The 

model then takes the double-log linear form, 

ln 𝑁𝑌𝑡 = 𝛼0 + 𝛼1 ln 𝑋𝐴𝐺𝑡 + 𝛼2 ln 𝑋𝑀𝐹𝑡 + 𝛼3 ln 𝑋𝑀𝐴𝑡 + 𝛼4 ln 𝑋𝑂𝑡 + 𝛼5 ln 𝑅𝐸𝑅𝑡 + 휀𝑡   (6.1) 

where, NY is the aggregate income net of trade (final demand); XAG, XMF, XMA, and 

XO are exports from the Agriculture, Mining and Fuels, Manufacturing, and Other 

sectors, respectively; and RER is the real exchange rate. Testing of the ELG hypothesis 

for a sector is carried out by testing whether the respective coefficient, 𝛼𝑖,   i = 1, 2, 3, 4, 

is significantly positive.  

Using data from Australia nationally and the seven regions, we use the same 

methodology described in Section 4.2 of Chapter 4 for model specification and 
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estimation, as model (6.1) is similar to the TLO model discussed in Chapter 4. This 

includes the ADF and Zivot-Andrews unit root tests, the ARDL bounds test for 

cointegration, the Granger causality test under the ECM framework, and the estimation 

of long-run equations. 

 

6.2 Data Description 

6.2.1 Data sources 

Australia 

The quarterly Domestic Final Demand or non-traded GDP (NY) data for the period 

1990:Q3 to 2013:Q2 are obtained from the ABS ‘National Accounts’ (ABS, 2013a), 

which are real values expressed as quarterly29 chain volume Australian dollars. Data for 

Australian national exports by each broad sector are obtained from ‘International Trade 

in Goods and Services’ (ABS, 2013d), which are available as seasonally unadjusted 

quarterly non-real series. National exports data by sector are then summed up to a 

quarterly series and deflated using Export Price Indices from the ABS (2013g). The 

deflated exports quarterly series is then seasonally adjusted from 1990:Q3 to 2013:Q2. 

Details of the seasonal adjustment technique are provided in Appendix A4.2. 

The RER, used in both national and regional models, is taken from the RBA (2013), and 

is available as a seasonally unadjusted quarterly index. Refer to Section 4.3.1 in Chapter 

4 for details on the calculation of the RER. 

 

                                                 
29 The four quarters in each calendar year include March (Q1), June (Q2), September (Q3), and December 
(Q4). The Australian fiscal year starts from Q3 of a calendar year through to Q2 of the following calendar 
year, (e.g., FY2012=2011:Q3+2011:Q4+2012:Q1+2012:Q2). 
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Regions of Australia 

For the Australian regions (six states and one territory), State Final Demand (SFD) is 

taken as a proxy for regional final demand from ABS (2013c) and is available quarterly 

from 1990:Q3 to 2013:Q2. Regional level exports data are from ‘International Trade in 

Goods and Services’ publication of the ABS (2013d), which records exports by sector 

from its region of origin. Exports data are provided as seasonally unadjusted quarterly 

non-real series, which are then deflated using Export Price Indices (ABS, 2013g). The 

deflated exports quarterly series are then seasonally adjusted from 1990:Q3 to 2013:Q2. 

The RER used in the regional models is the same as that used in the national model. 

6.2.2 Graphical Description of Model Variables 

The plots of the variables pertaining to model (6.1), final demand (NY) and exports by 

sector (XAG, XMF, XMA, and XO), nationally and by regions, are presented below. The 

plot of Real Exchange Rate (RER) is presented in a separate graph. To avoid repetition, 

the RER series is not plotted in the regional graphs as it is the same as that used in the 

national plot. 

Australia 

Figure 6.3 presents the Domestic Final Demand (NY) and the four sector exports for 

Australia. As can be seen, the NY and Mining and Fuels exports (XMF) appear to have a 

higher growth rate throughout the sample period, 1990:Q3 to 2013:Q2. The effect of the 

Global Financial Crisis (GFC) around 2008 is more pronounced in the XMF series than 

in the final demand series. The Agriculture and Manufacturing sector exports (XAG and 

XMA respectively) have continued increasing, but at a very modest rate, while Other 

exports (XO) have increased until about 2008 and then begun declining. 
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The RER series, presented in Figure 6.4, is seen to fluctuate modestly until 2000 but has 

appreciated significantly since then, except for a sharp fall during the GFC. The mining 

boom can be identified in the sustained growth in the Mining and Fuels exports, which 

also coincides somewhat with a rise in the Real Exchange Rate. 

Figure 6.3: Final Demand and Exports by sector, Australia, 1990:Q3 to 2013:Q2 

 
 

Figure 6.4: Real Exchange Rate, Australia, 1990:Q3 to 2013:Q2 
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New South Wales (NSW) 

Figure 6.5 plots final demand and exports by sector for NSW. The NSW final demand 

has a clear increasing trend throughout the sample period. Mining and Fuels exports 

have increased during the 1990s, then declined until about the mid-2000s and then 

continued to increase. However, the Agriculture and Manufacturing sector exports do 

not show any observable trend and have stabilised from the late-1990s. Other exports, 

after an initial fall, have increased until the early-2000s and have stabilised since then. 

Even though NSW is not a boom region, Mining and Fuels exports are its largest export 

item. 

Figure 6.5: Final Demand and Exports by Sector, NSW, 1990:Q3 to 2013:Q2 
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For these export sectors, the peak occurs around the early 2000s, after which exports 

from these sectors appear to decline, except for a slight increase in mining and fuels, 

and agricultural exports after 2008.  

Figure 6.6: Final Demand and Exports by Sector, Victoria, 1990:Q3 to 2013:Q2 
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Figure 6.7: Final Demand and Exports by Sector, Queensland, 1990:Q3 to 2013:Q2 

 
 

Western Australia (WA) 

The plot of WA’s final demand and export sectors in Figure 6.8 shows that the trends of 

final demand and Mining and Fuels exports are quite alike, as they follow closely 

together. The trends of both final demand and Mining and Fuels exports become steeper  

Figure 6.8: Final Demand and Exports by Sector, WA, 1990:Q3 to 2013:Q2 
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from the early 2000s. Compared to Mining and Fuels exports, the Agricultural and 

Manufacturing exports share is much smaller and has had very little growth throughout 

the sample period. Similar to Queensland, the Other exports of WA also contribute 

significantly to its exports, compared to Agricultural and Manufacturing exports. 

South Australia (SA) 

In the case of SA, the final demand is seen with an upward trend (Figure 6.9) similar to 

the other regions and Australia nationally. Prior to the mining boom, Manufacturing 

exports rose until about the onset of the mining boom in the early 2000s, when it 

stabilised until about 2008; it has plunged sharply since then. Agriculture and Mining 

and Fuels exports are also seen to peak in the early 2000s, declining slowly until about 

2009 and then picking up once again. Other exports of SA exhibit an inverted-U shape 

similar to those in Queensland and WA. 

Figure 6.9: Final Demand and Exports by Sector, SA, 1990:Q3 to 2013:Q2 
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Tasmania 

Figure 6.10 presents the regional final demand and the four sector-wise exports for the 

period 1990:Q3 to 2013:Q2 for Tasmania. As can be seen, despite having an upward 

trend during the entire time period, Tasmania’s final demand appears to undergo a 

slowdown in the late-2010s. Exports of Agriculture appear to be stable throughout the 

sample period. Manufacturing and Mining and Fuels exports, on the other hand, have 

been increasing from 1990:Q3 to early 2000s when the two take a tumble, recovering 

shortly after in mid-2000s and then beginning to decline slightly. Other exports of 

Tasmania appear to follow an opposite pattern to that of Mining and Fuels exports until 

about 2005, when the two begin to move together until the end of the sample period. 

Figure 6.10: Final Demand and Exports by Sector, Tasmania, 1990:Q3 to 2013:Q2 
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exports from NT faced a decline from the beginning to about 2000 when it experienced 

a spike, returning to a level higher than that in 2000 and increasing slowly since the 

mid-2000s. Agriculture and Manufacturing, however, appear as flat lines as they are 

substantially smaller than Mining and Fuels and Other exports. 

Figure 6.11: Final Demand and Exports by Sector – NT, 1990:Q3 to 2013:Q2 
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6.3 Empirical Results 

In this section, we use quarterly data for 1990:Q3-2013:Q2 for Australia and its regions 

to identify the model by testing for stationarity, cointegration and causality among 

model variables, and then estimate the long-run equilibrium relationship. 

6.3.1 Stationarity test results 

Firstly, the ADF unit root test is carried out on the national level as well as the regional 

level data. The summary results are presented in Table 6.2 and detailed results are 

presented in Table A6.1 of Appendix A6.1. As can be seen, the results show that, for 

Australian disaggregated sector-wise data, stationarity is not rejected in level form for 

XAG only, but is rejected for NY, XMF, XMA, XO, and RER. Therefore, XAG is 

integrated of order 0, I(0). However, stationarity is not rejected for all other variables 

(NY, XMF, XMA, XO, and RER) in their first differences. Therefore, NY, XMF, XMA, 

XO and RER are integrated of order 1, I(1). A long-run relationship, as given in equation 

(6.1), would exist if the model variables are all cointegrated. 

Table 6.2: ADF unit root test summary results, Australia and its regions 

Economy/Region Model Variables 
ln NYt ln XAGt ln XMFt ln XMAt ln XOt ln RERt 

(1) (2) (3) (4) (5) (6) (7) 
Australia I(1) I(0) I(1) I(1) I(1) I(1) 
       
NSW I(1) I(0) I(1) I(1) I(1) I(1) 
Victoria I(1) I(1) I(1) I(1) I(1) I(1) 
Queensland I(1) I(0) I(1) I(1) I(1) I(1) 
WA I(1) I(0) I(1) I(1) I(1) I(1) 
SA I(1) I(0) I(0) I(1) I(0) I(1) 
Tasmania I(1) I(0) I(1) I(1) I(1) I(1) 
NT I(1) I(0) I(1) I(1) I(1) I(1) 
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The stationarity tests of the variables of the model, using regional data for NSW, 

Queensland, WA, Tasmania and NT, similar to Australia nationally (see Table 6.2) 

show that XAG is stationary in level form, I(0), while all other variables (NY, XMF, 

XMA, XO and RER) are stationary in their first differences, I(1).  

In Victoria, none of the variables are stationary in level form, but all (NY, XAG, XMF, 

XMA, XO and RER) are stationary in their first differences, I(1). For SA, XAG, XMF, 

and XO are stationary in level form, I(0), while all other variables (NY, XMA and RER) 

are stationary in their first differences, I(1). 

In summary, the model variables are all either I(0) or I(1) for Australia nationally and 

for all the regions, with none of the variables being integrated of orders higher than 1. 

Furthermore, the Zivot-Andrews unit root tests indicate that the model variables are free 

from structural breaks and that the ADF test results are robust (see Table A6.1, 

Appendix A6.2). Since the model regressors are integrated of mixed orders (I(0) and 

I(1)) and are free from structural breaks, as discussed in Section 4.2.2, only the ARDL 

bounds test for cointegration can be used for this purpose. 

6.3.2 Cointegration test results 

The ARDL bounds test for cointegration is then applied to the national level data as 

well as the regional data. Based on the test, cointegration is accepted if the observed F-

statistic exceeds the upper bound critical value or is rejected if the observed F-statistic is 

lower than the lower bound critical value at a given level of significance.  

Australia 

The ARDL bounds test is then applied to the national level data and the computed F-

statistics. The corresponding critical values are presented in the first row of columns (2) 
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to (4) of Table 6.3. Cointegration is observed for Australia as the estimated F-statistic 

exceeds the upper bound critical value at 10 percent level of significance. 

Australian regions  

For the regional economies, the cointegration test statistics and the critical values are 

given in the lower part of Table 6.3. Cointegration can be observed for NSW, 

Queensland, and WA; it is not present in Victoria, SA, Tasmania, and NT. 

Table 6.3: ARDL bounds test for cointegration results, Australia and its regions 
 Dependent variable: ln NY 

Economy F-statistic 
Critical bound values 

Cointegrated? α = 5% α = 10% 
(1) (2) (3) (4) (5) 
Australia 4.47** [3.48, 4.59] [2.97, 3.96] Yes 
   

NSW 8.40* [4.55, 5.45] [3.86, 4.70] Yes 
Victoria 3.90 [4.21, 5.29] [3.54, 4.56] No 
Queensland 6.10* [4.09, 5.16] [3.46, 4.45] Yes 
WA 5.23* [3.92, 5.08] [3.28, 4.41] Yes 
SA 3.38 [4.26, 5.30] [3.62, 4.56] No 
Tasmania 1.01 [3.49, 4.66] [2.94, 4.03] No 
NT 0.82 [4.43, 5.41] [3.73, 4.66] No 
H0: No cointegration among model variables. *If test statistic exceeds the upper bound, reject H0 at the 
5% level. ** If test statistic exceeds the upper bound, reject H0 at the 10% level. Critical values are from 
Pesaran et al. (2001). 
 
 

6.3.3 Granger causality test results 

Granger causality tests are then carried out under the VECM or VAR framework (based 

on the presence of cointegration). Summary results when ln NY is the dependent 

variable are presented in Table 6.4; detailed results are given in Table A6.3 of Appendix 

A6.2. 
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Australia 

Granger causality tests are first carried out using the Australian national data. The first 

row of Table 6.4 presents the results when ln NY is the dependent variable. For 

Australia, causality runs from all export sectors (XAG, XMF, XMA, and XO) to NY in 

the long-run, as the ECT is negative and statistically significant. Moreover, RER also 

appears to cause NY. Based on the causality tests in this direction, a presence of long-

run ELG can be observed for Australia nationally. Australia has undergone an ELG 

between 1990:Q3 to 2013:Q2 that is driven by exports from Agriculture, Mining and 

Fuels, Manufacturing, and Other sectors. The overall presence of long-run ELG agrees 

with our conclusion of ELG in Chapter 4. 

Table 6.4: Granger causality test results, Australia and its regions 
(p-values in parentheses) 
Region Dependent variable: ln NYt Direction of Causality 
 ∆ln XAGt ∆ln XMFt ∆ln XMAt ∆ln XOt ∆ln RERt ECTt-1  
(1) (2) (3) (4) (5) (6) (7) (8) 

Australia 18.19* 
(0.02) 

14.79** 
(0.06) 

21.71* 
(0.01) 

15.27** 
(0.05) 

18.15* 
(0.00) 

–0.16* 
(0.00) XAG, XMF, XMA, XO, RER  NY 

        

NSW 46.16* 
(0.00) 

37.56* 
(0.00) 

36.82* 
(0.00) 

22.75* 
(0.00) 

4.72* 
(0.03) 

–0.12* 
(0.00) XAG, XMF, XMA, XO, RER  NY 

        

Victoria 7.27 
(0.12) 

1.37 
(0.85) 

5.85 
(0.21) 

0.06 
(0.81) 

3.44** 
(0.06) 

- 
RER  NY 

        

Queensland 0.96 
(0.33) 

27.87* 
(0.00) 

26.20* 
(0.01) 

41.67* 
(0.00) 

14.13* 
(0.00) 

–0.18* 
(0.00) XMF, XMA, XO, RER  NY 

        

WA 2.47 
(0.12) 

16.24* 
(0.01) 

0.04 
(0.83) 

18.35* 
(0.01) 

14.87* 
(0.00) 

–0.26* 
(0.00) XMF, XO, RER  NY 

        

SA 13.03* 
(0.04) 

0.15 
(0.70) 

6.29 
(0.39) 

9.27 
(0.16) 

2.41 
(0.12) 

- 
XAG  NY 

        

Tasmania 6.95 
(0.33) 

11.13** 
(0.08) 

1.96 
(0.92) 

0.01 
(0.91) 

14.68* 
(0.02) 

- 
XMF, RER  NY 

        

NT 15.82* 
(0.00) 

2.84** 
(0.09) 

5.53 
(0.24) 

13.84* 
(0.01) 

0.16 
(0.69) 

- 
XAG, XMF, XO  NY 

H0: No causality towards the dependent variable. * If p-value < 0.05 reject H0 at the 5% level. ** If p-value < 0.10 
reject H0 at the 10% level. Causality is long-run if respective ECT (in a cointegrating model) is negative and 
statistically significant; otherwise the causality is short-run. 
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Australian regions  

We next consider the direction of causality towards final demand (NY) in the seven 

regions, also provided in Table 6.4.  

In NSW, there is causality from all export sectors (XAG, XMF, XMA, and XO) towards 

its final demand (NY). This causality is long-run as the ECT is negative and statistically 

significant. The estimated ECT value of –0.12 implies that the model, when subjected to 

a shock, returns to equilibrium at 12 percent per quarter. Thus, ELG in NSW is led by 

all export sectors. 

In Victoria, there is no cointegration and as such any causality towards NY is short-run. 

As can be seen from Table 6.4, NY in Victoria is caused in the short-run by Real 

Exchange Rate (RER) only. Consequently, there is no sector causing ELG in Victoria. 

This is similar to the results in Chapter 5 where Victoria is not seen to undergo ELG 

from exports overall. As seen in Table 6.1 and Figure 6.2, very little exports originate 

from Victoria compared to NSW, Queensland, and WA. However, Victorian exports are 

more than those of SA, Tasmania, and NT. Even though Victoria is the second largest 

regional economy in Australia, the volume of exports from all four sectors is small, 

relative to the size of its economy. This is a possible reason for our finding that there is 

no sector-wise or overall ELG in Victoria. 

In Queensland, we find NY to be caused in the long-run by XMF, XMA, and XO. The 

ECT in this case has a value of –0.18, implying a return to equilibrium at the rate of 18 

percent per quarter. As such, ELG in Queensland is driven by Mining and Fuels, 

Manufacturing, and Other exports. This reflects our observation in Table 6.1 that in 

Queensland, the Agricultural exports sector contributes the least among all four export 

sectors.  
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In WA, causality runs from XMF and XO to NY in the long-run, with the ECT estimated 

at –0.26. When WA is disturbed by a shock, it returns to equilibrium at a rate of 26 

percent per annum. Based on the above causality results, we can infer that ELG in WA 

is caused by Mining and Fuels, and Other exports. This reflects reality on the ground for 

WA: as seen in Figure 6.2, in terms of exports, the Mining and Fuels sector contributes 

the most, followed by, to a smaller extent, the Other sector. Therefore, it is no surprise 

that the long-run ELG in WA is driven by Mining and Fuels and Other export sectors. 

As noted earlier, there is no cointegration between the model variables in SA and, 

therefore, there is no long-run equilibrium relationship between the variables. However, 

as can be seen from Table 6.4, XAG causes NY in the short-run, which reveals that ELG 

in SA is Agriculture-led. This is understandable as Agriculture forms the largest export 

sector in SA (see Table 6.1 and Figure 6.2).  

In Tasmania, XMF and RER cause NY in the short-run, indicating a ‘Mining and Fuels’-

led short-run ELG in the region. This is interesting as the short-run ELG in this region is 

actually caused by its second largest exports: Mining and Fuels (see Table 6.1 and 

Figure 6.2). As seen in Figure 6.10, Mining and Fuels used to be the largest export 

sector of Tasmania in the 1990s, after which it declined sharply and then increases in 

the mid-2000s. Thus, the ‘Mining and Fuels’-led short-run ELG in Tasmania also 

represents the latest developments in the regions. 

NY in NT is seen to be caused in the short-run by XAG, XMF, and XO. Accordingly, 

NT’s ELG is driven by Agriculture, Mining and Fuels, and Other exports. Therefore, 

the short-run ELG in NT reflects the contemporary scenario. 
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6.3.4 Long-run equation estimation results 

In this section, the implied long-run elasticities of final demand (NY), with respect to 

each export sector (XAG, XMF, XMA, and XO) and the Real Exchange Rate (RER), are 

obtained by estimating equation (6.1) for Australia and its regions, where cointegration 

is present. As discussed in the previous subsection, cointegration among model 

variables and causality from the export variables and RER to NY exist only for NSW, 

Queensland and WA.  

Based on the detailed causality results in Table A6.3 (Appendix A6.2), it can be 

concluded that there is no two-way causality between NY and the independent variables 

in our model. The long-run estimation results are presented in Table 6.5. As the 

variables of the model are all in logarithmic form, the coefficients of ln XAG, ln XMF, 

ln XMA, ln XO, and ln RER represent the long-run elasticities. 

Table 6.5: Long-run equation (6.1) estimation results, Australia and its regions a 
(p-values in parentheses) 

Economy 
Dependent variable: ln NY 

Constant ln XAGt ln XMFt ln XMAt ln XOt ln RERt 
𝛼0 𝛼1 𝛼2 𝛼3 𝛼4 𝛼5 

(1) (2) (3) (4) (5) (6) (7) 
Australia 3.34* 

(0.00) 
0.12* 
(0.02) 

0.28* 
(0.00) 

0.18* 
(0.00) 

0.07** 
(0.06) 

0.68* 
(0.00) 

       
NSW 0.41 

(0.65) 
0.07* 
(0.04) 

0.24* 
(0.02) 

0.31* 
(0.00) 

0.15* 
(0.00) 

1.12* 
(0.00) 

Queensland –1.52 
(0.30) 

0.01 
(0.93) 

0.85* 
(0.00) 

0.20* 
(0.00) 

0.01 
(0.75) 

0.75* 
(0.00) 

WA 0.62 
(0.56) 

0.05 
(0.80) 

0.56* 
(0.00) 

–0.06 
(0.39) 

0.14* 
(0.01) 

0.76* 
(0.00) 

H0: Coefficient = 0, * If p-value (in parentheses) <0.05, reject H0 at 5% level of significance. ** If p-
value <0.10, reject H0 at 10% level of significance. a Victoria, SA, Tasmania, and NT are excluded since 
cointegration is not present in these regions. 
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Australia 

The first row of Table 6.5 shows that for Australia, the long-run elasticity of domestic 

final demand with respect to each export sector is positive as expected, and each is 

statistically significant. Nationally, the domestic final demand is seen to increase by 

0.12 percent in response to a one-percent increase in agricultural exports; by 0.28 

percent in response to one-percent increase in Mining and Fuels exports; by 0.18 

percent in response to one-percent increase in manufacturing exports; by 0.07 percent in 

response to a one-percent increase in XO; and by 0.68 percent in response to a one-

percent increase in the RER. The elasticity of NY with respect to the RER is also 

significantly positive, indicating the positive effect of a real exchange rate appreciation 

on the Australian economy. Ceteris paribus, the Australian economy grows by 0.68 

percent when RER appreciates by one percent. This is similar to the results obtained 

from the TLO model in Chapter 4.  

Overall, the estimated long-run elasticities imply that all export sectors (Agriculture, 

Mining and Fuels, Manufacturing, Other) have positive effects on the domestic final 

demand of Australia. The elasticity with respect to Mining and Fuels exports is the 

highest amongst the four export sectors, showing that Mining and Fuels exports have 

been the backbone of Australia’s economic growth. This conforms to our narrative of 

the growth augmenting role played by the Australian resources sector. In general, this 

highlights the fact that ELG in Australia is brought about by all four export sectors, but 

at differing levels, nationally. As such, ELG is observed in Australia to have a broad 

base. 
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Australian regions 

For the regional economies, the long-run elasticities of NY with respect to the four 

export sectors are given in columns (3) to (6) in Table 6.5. 

NSW 

As can be seen from the second row in Table 6.5, the long-run elasticity of NY with 

respect to all four sector-wise exports are positive and significant, indicating a positive 

effect on NY due to an increase in sector-wise exports in NSW. The values of the 

elasticities indicate that for a one-percent increase in Agricultural, Mining and Fuels, 

Manufacturing, and Other exports, NSW domestic final demand would increase by 

0.07, 0.24, 0.31 and 0.15 percent, respectively. This shows that Manufacturing exports 

make the highest contribution towards economic growth in NSW, followed by Mining 

and Fuels exports. Overall, the elasticities exhibit the broad based sector-wise ELG 

enjoyed by NSW and is similar to Australia nationally. 

Furthermore, the long-run elasticity of final demand with respect to the RER (column 7, 

Table 6.5) takes a positive value of 0.94 and is statistically significant. A one-percent 

increase in the real exchange rate would lift final demand by 0.94 percent in NSW. In a 

manner similar to exports, the real exchange rate also appears to boost economic growth 

in NSW. 

Queensland 

It can be seen from the third row of Table 6.5 that all four export sectors have positive 

long-run elasticities, but only two of them (XMF and XMA) are significant at the five 

percent level. All else being equal, a one-percent increase in Queensland’s Mining and 

Fuels and Manufacturing exports would increase the final demand by 0.85 and 0.20 
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percent, respectively. Therefore, we find Mining and Fuels, and Manufacturing exports 

to positively and significantly impact upon Queensland’s final demand and drive ELG 

in the region. Furthermore, the elasticity of Mining and Fuels exports is substantially 

larger than that of Manufacturing exports. This comes as no surprise, as Queensland is a 

boom region and one of the two main beneficiaries of the 2000s mining boom. These 

results also support the ELG results obtained for Queensland in Chapter 5. 

In addition, the estimated coefficient of RER, which is 0.75, is positive and statistically 

significant in Queensland. Here too, the real exchange rate is seen to augment 

Queensland’s regional final demand. 

Western Australia 

In WA, the elasticities of the exports sectors (the last row of Table 6.5) are seen to be 

positive, with the exception of XMA. However, only the positive elasticities of XMF and 

XO are statistically significant. Ceteris paribus, as WA’s Mining and Fuels and Other 

exports increase by one-percent, the regional final demand rises by some 0.56 and 0.14 

percent respectively. The positive elasticities of XMF and XO show that the Mining and 

Fuels and the Other exports sectors have a positive effect on final demand in WA. 

Notably, the elasticity of Mining and Fuels is substantially larger than that of Other 

exports. As such, it signifies the importance of Mining and Fuels exports to WA and 

provides further support to our view that WA is one of the main beneficiaries of the 

2000s mining boom. This finding also conforms to the results in Chapter 5. Based on 

the implied long-run elasticities, ELG in WA is driven by XMF and XO only. This is 

also observed in those causality test results. 
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The coefficient of RER is positive and statistically significant in WA. The value of this 

elasticity is 0.76. Ceteris paribus, a one-percent increase in the real exchange rate lifts 

WA’s final demand by 0.76 percent. Here too, the real exchange rate appears to boost 

regional final demand in WA. 

6.3.5 Model Diagnostics and stability tests 

In the first row of Table 6.6, we present the diagnostic test results for Australia. As can 

be seen, all the regression model assumptions and the model specification test results 

are satisfactory for Australia. The structural stability tests are also satisfactory, as plots 

of CUSUM and CUSUMSQ of the recursive residuals do not cross the critical bounds 

(see Figure A6.1, Appendix A6.3). Regionally, in general, the estimated models pass all  

Table 6.6: Diagnostic test results for equation (6.1), Australia and its regions 
(p-values in parentheses) 
Economy 

Test 
Serial 

Correlationa 
Ramsey’s 
RESETb 

Residual 
Normalityc 

Hetero-
scedasticityd 

(1) (2) (3) (4) (5) 
Australia 1.50 

(0.22) 
0.46 

(0.50) 
0.30 

(0.86) 
2.37 

(0.12) 
     
NSW 1.67 

(0.19) 
0.09 

(0.77) 
0.15 

(0.93) 
0.25 

(0.62) 
Victoria 0.90 

(0.93) 
3.79 

(0.05) 
1.52 

(0.47) 
0.00 

(0.97) 
Queensland 6.07 

(0.19) 
2.89 

(0.09) 
4.22 

(0.12) 
0.57 

(0.45) 
WA 2.11 

(0.09) 
0.15 

(0.70) 
0.43 

(0.81) 
1.22 

(0.27) 
SA 1.78 

(0.16) 
0.20 

(0.65) 
0.21 

(0.90) 
2.21 

(0.14) 
Tasmania 3.43* 

(0.04) 
0.38 

(0.54) 
0.86 

(0.65) 
0.01 

(0.91) 
NT 1.41 

(0.25) 
0.16 

(0.69) 
1.77 

(0.41) 
3.08 

(0.08) 
a = Lagrange multiplier test of residual serial correlation, b = Ramsey’s RESET test using the square of 
the fitted values, c = Normality based on a test of skewness and kurtosis of residuals, d = 
Heteroscedasticity test based on the regression of squared residuals on squared fitted values. a. H0: No 
serial correlation, b. H0: Functional specification is correct, c. H0: Residuals are normal; d. H0: Model 
exhibits homoscedasticity. * If p-value <0.05, reject H0 at 5% level of significance. 
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the diagnostic tests, with only one exception. The regional ARDL estimations also pass 

the structural stability tests as seen in the plots of CUSUM and CUSUMSQ of the 

recursive residuals given in Figure A6.1 in Appendix A6.3. 

6.3.6 Summary of findings 

The sector-wise ELG hypothesis has empirical support if there is causality running from 

the individual broad export sectors (XAG, XMF, XMA and XO) to final demand (NY). 

Table 6.7 summarises the cointegration and Granger causality test results for Australia 

and its regions given in Tables 6.3, 6.4, and 6.5. Based on the cointegration and 

causality tests, ‘Mining and Fuels’-ELG is validated in Australia in the long-run. In 

addition to being ‘Mining and Fuels’-led, ELG is seen to be led by Agriculture, 

Manufacturing, and Other exports in Australia nationally. 

Table 6.7: Testing the ELG hypothesis, Australia and its regions 

Economy Cointegra-
ted? 

Any X sector 
Granger 

causes NY? 

Short-run 
or long-

run 
causality? 

Long-run 
elasticity 
positive? 

ELG present? 

(1) (2) (3) (4) (5) (6) 
Australia Yes All sectors Long-run All Yes; Long-run 
      
NSW Yes All sectors Long-run All Yes; Long-run 
Victoria No None N/A N/A No 
Queensland Yes MF, MA and O Long-run MF and MA Yes; Long-run 
WA Yes MF and O Long-run MF and O Yes; Long-run 
SA No AG Short-run N/A Yes; Short-run 
Tasmania No MF Short-run N/A Yes; Short-run 
NT No AG, MF and O Short-run N/A Yes; Short-run 
AG: Agriculture, MF: Mining and Fuels, MA: Manufacturing, and O: Other. 

 

Among the regions, the growth path is found to be unique for each region. The findings 

for each region, based on the causality tests and long-run equation estimations, are 

summarised below: 

 NSW has enjoyed long-run ELG led by all four exports sectors. 
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 Victoria has not undergone a long-run ELG due to any of the four export sectors. 

 Queensland’s long-run ELG is driven by the three sector-wise exports, Mining 

and Fuels, Manufacturing and Other exports. 

 WA has undergone long-run ELG led by the Mining and Fuels and Other 

exports. 

 SA has not undergone a long-run ELG due to any of the four export sectors. 

However, there is a short-run ELG in SA due to its Agricultural exports. 

 Tasmania did not undergo a long-run ELG due to any of the four export sectors. 

However, it underwent a short-run ELG due to its Mining and Fuels exports. 

 NT did not undergo a long-run ELG due to any of the four export sectors. 

However, it enjoyed a short-run ELG driven by three sectors, Agriculture, 

Mining and Fuels, and Other exports. 

The overall findings from the disaggregated analysis in this chapter are in agreement 

with the findings in the aggregate ELG analysis in Chapters 4 and 5. In these chapters, 

we find evidence for long-run ELG in Australia nationally and in NSW, Queensland, 

and WA regionally. Moreover, Chapter 4 found no evidence of ELG in Victoria and 

only of short-run ELG in SA, Tasmania, and NT. This chapter finds an identical 

scenario in which there is long-run ELG in Australia, NSW, Queensland, and WA, 

driven largely by Mining and Fuels exports. Furthermore, Victoria is also seen to be 

defrauded of ELG, while there is short-run ELG in SA, Tasmania and NT is driven by 

different sectors. 

 



240 
 

6.4 Concluding Comments 

In the previous chapters, the mining boom was credited with bringing about long-run 

economic growth in Australia and its regions. In this chapter, the ELG hypothesis is 

tested at a disaggregated level using exports data from four broad sectors: (i) 

Agriculture, (ii) Mining and Fuels, (iii) Manufacturing, and (iv) Other. This 

disaggregated analysis of ELG fills a unique gap in the Australian literature. 

The findings from the disaggregated ELG analysis show that the ELG experience is 

unique for each region of Australia. The results obtained in this chapter are similar to 

those obtained in the aggregate ELG analysis, as ELG is seen to be present in the long-

run in Australia nationally, NSW, Queensland, and WA and in the short-run in SA, 

Tasmania, and NT. The unique nature of ELG in each of these economies indicates that 

the challenges faced (if any) by the export sectors are unique to each region. While there 

is Agricultural-ELG in NSW and Australian nationally, Agriculture fails to cause long-

run growth in both Queensland and WA. Mining and Fuels exports are seen to lead 

economic growth in Australia nationally and in NSW, Queensland, and WA regionally. 

In contrast, Manufacturing causes long-run ELG in Queensland but not in WA. Even 

though Queensland and WA are mining boom regions, policy makers need to take 

measures to promote a broad-based ELG in these regions, as dependence on the Mining 

and Fuels sector solely will render these economies vulnerable to shocks in demand for 

resources exports. 

Absence of ELG in the second-largest region, Victoria, is an important area of concern 

since ELG would allow the region to attain a higher level of growth. Such growth in this 

second largest region will also help Australia achieve higher growth. In the case of SA, 

Tasmania, and NT, growth is short-run and caused by different export sectors in 
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respective economies. Some of the export sectors in these three regions are seen to 

undergo substantial declines, whereas all exports sectors are seen to decline in Victoria. 

With the growth-augmenting characteristics of exports, in particular of resources 

exports, identified at the national and regional levels in Australia, our attention is then 

turned to the possible harmful effects of the mining boom on the Australian economy. 

In Chapter 7, we look at the effect of the mining boom on the manufacturing sectors of 

Australia and its regions, to determine where they suffer from Dutch disease. 
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Appendix A6 

 

A6.1 Stationarity test results 

Table A6.1 contains Augmented Dickey-Fuller tests for variables used in estimating the 

disaggregated model given by equation (6.3). The ADF test statistics show that the null 

of non-stationarity in variable is not rejected in level form for most variables. However, 

with regard to ln XAG, the null hypothesis is rejected in level form in all economies 

excluding Victoria. Moreover, the null is also rejected in level form for ln XMF and ln 

XO in SA. The null of non-stationarity is rejected in first difference form for all other 

variables. This shows that some of the model variables are integrated of order 1 or (I(1)) 

while some are integrated of order 0 (I(0)). As a result, none of the variables are found 

to be integrated of orders higher than 1. 

In Table A6.2, the Zivot-Andrews unit root test checks for the robustness of the ADF 

tests carried out in Table A6.1. The Zivot-Andrews test has a null hypothesis in which 

the variable is non-stationary in level form without a structural break. Since the variable 

is assumed to be non-stationary under the null, we carry out the Zivot-Andrews test only 

on variables found to be non-stationary by the ADF tests. As can be seen, the estimated 

test statistics do not exceed the five percent critical value in any of the economies and 

the null hypothesis cannot be rejected. As such, the variables can be declared to be free 

of any structural breaks. 

 

A6.2 Granger causality test results 

Table A6.3 contains the results of the Granger causality test, in VECM or VAR 

framework, for Australia and its regions.  
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Table A6.1: Augmented Dickey-Fuller unit root test results 
(p-values are in parentheses) 
Variable Australia NSW Victoria Queensland WA SA Tasmania NT 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

ln NYt 0.30 
(0.98) 

–0.37 
(0.91) 

–0.22 
(0.93) 

–0.10 
(0.95) 

0.93 
(1.00) 

0.01 
(0.96) 

–0.63 
(0.86) 

0.07 
(0.96) 

∆ ln NYt –7.87* 
(0.00) 

–8.97* 
(0.00) 

–11.34* 
(0.00) 

–9.23* 
(0.00) 

–5.64* 
(0.00) 

–13.53* 
(0.00) 

–13.87* 
(0.00) 

–12.12* 
(0.00) 

ln XAGt –3.41* 
(0.01) 

–3.55* 
(0.01) 

–2.56 
(0.11) 

–3.90* 
(0.00) 

–3.51* 
(0.01) 

–3.48* 
(0.01) 

–4.41* 
(0.00) 

–4.18* 
(0.00) 

∆ ln XAGt - - –8.91* 
(0.00) 

- - - - - 

ln XMFt –0.73 
(0.83) 

–1.51 
(0.53) 

–1.89 
(0.34) 

–2.50 
(0.12) 

–0.48 
(0.89) 

–3.42* 
(0.01) 

–2.53 
(0.11) 

–1.83 
(0.36) 

∆ ln XMFt –7.51* 
(0.00) 

–6.76* 
(0.00) 

–10.21* 
(0.00) 

–12.27* 
(0.00) 

–6.68* 
(0.00) 

- –12.61* 
(0.00) 

–9.31* 
(0.00) 

ln XMAt –2.38 
(0.15) 

–2.52 
(0.12) 

–2.50 
(0.12) 

–2.09 
(0.25) 

–2.57 
(0.10) 

–2.50 
(0.12) 

–2.31 
(0.17) 

–0.77 
(0.82) 

∆ ln XMAt –10.73* 
(0.00) 

–11.43* 
(0.00) 

–11.23* 
(0.00) 

–14.33* 
(0.00) 

–18.76* 
(0.00) 

–12.77* 
(0.00) 

–12.91* 
(0.00) 

–9.71* 
(0.00) 

ln XOt –2.74 
(0.07) 

–2.09 
(0.25) 

–1.62 
(0.47) 

–1.59 
(0.48) 

–2.34 
(0.16) 

–3.77* 
(0.00) 

–1.60 
(0.48) 

–1.25 
(0.65) 

∆ ln XOt –12.05* 
(0.00) 

–8.35* 
(0.00) 

–11.78* 
(0.00) 

–8.93* 
(0.00) 

–12.71* 
(0.00) 

- –10.83* 
(0.00) 

–9.53* 
(0.00) 

ln RERt –0.33 
(0.91) 

–0.33 
(0.91) 

–0.33 
(0.91) 

–0.33 
(0.91) 

–0.33 
(0.91) 

–0.33 
(0.91) 

–0.33 
(0.91) 

–0.33 
(0.91) 

∆ ln RERt –7.72* 
(0.00) 

–7.72* 
(0.00) 

–7.72* 
(0.00) 

–7.72* 
(0.00) 

–7.72* 
(0.00) 

–7.72* 
(0.00) 

–7.72* 
(0.00) 

–7.72* 
(0.00) 

H0: Series has a unit root. * If p-value <0.05, reject H0 at 5% level of significance. 
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A6.3 Tests for structural stability 

Figure A6.1 contains the plots of CUSUM and CUSUMSQ of recursive residuals, 

which test for structural stability of the estimated disaggregated ELG model. As none of 

the plots cross the five percent critical bounds, the estimated model is found to be free 

from any structural instability. 

 

Table A6.2: Zivot-Andrews unit root test results 

Economy 
Variable Critical Value  

(at 5% level) ln NYt ln XAGt ln XMFt ln XMAt ln XOt ln RERt 

(1) (2) (3) (4) (5) (6) (7) (8) 

Australia –4.07 - –3.86 –3.60 –2.69 –3.54 –4.93 

        

NSW –4.23 - –3.08 –3.47 –3.92 –3.54 –4.93 

Victoria –4.23 –3.89 –3.28 –2.47 –4.07 –3.54 –4.93 

Queensland –3.67 - –3.52 –2.76 –4.06 –3.54 –4.93 

WA –3.59 - –3.89 –3.68 –4.61 –3.54 –4.93 

SA –3.15 - - –2.47 - –3.54 –4.93 

Tasmania –3.34 - –3.68 –3.70 –4.27 –3.54 –4.93 

NT –4.53 - –3.38 –3.42 –3.21 –3.54 –4.93 

H0: Series has a unit root without a structural break. *If test statistic < critical value, reject H0 at 5% level of 
significance. 
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Table A6.3: Granger causality test results, Australia and its regions 
(p-values in parentheses) 
Region Dep. Var. ∆ ln NYt ∆ ln XAGt ∆ ln XMFt ∆ ln XMAt ∆ ln XOt ∆ ln RERt ECTt-1 Direction of Causality 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Australia ∆ ln NYt - 18.19* 

(0.02) 
14.79** 
(0.06) 

21.71* 
(0.01) 

15.27** 
(0.05) 

18.15* 
(0.00) 

–0.16* 
(0.00) 

XAG, XMF, XMA, XO, RER  NY 

∆ ln XAGt 0.97 
(0.33) 

- 0.22 
(0.64) 

0.81 
(0.37) 

0.03 
(0.86) 

0.82 
(0.37) 

–0.26* 
(0.00) 

No causality 

∆ ln XMFt 19.28* 
(0.01) 

7.86 
(0.45) 

- 25.02* 
(0.00) 

11.52 
(0.17) 

0.36 
(0.55) 

- NY, XMA  XMF 

∆ ln XMAt 1.25 
(0.26) 

0.08 
(0.78) 

7.65* 
(0.01) 

- 6.64** 
(0.08) 

0.67 
(0.41) 

–0.13* 
(0.02) 

XMF, XO  XMA 

∆ ln XOt 13.49* 
(0.02) 

10.46* 
(0.02) 

1.81 
(0.18) 

1.40×10–3 
(0.97) 

- 0.23 
(0.63) 

–0.35* 
(0.00) 

NY, XAG  XO 

∆ ln RERt 5.78 
(0.22) 

5.14 
(0.27) 

5.88 
(0.21) 

1.68 
(0.79) 

2.82 
(0.59) 

- - No causality 

NSW ∆ ln NYt - 46.16* 
(0.00) 

37.56* 
(0.00) 

36.82* 
(0.00) 

22.75* 
(0.00) 

4.72* 
(0.03) 

–0.12* 
(0.00) 

XAG, XMF, XMA, XO, RER  NY 

∆ ln XAGt 9.17 
(0.33) 

- 6.16 
(0.63) 

10.95 
(0.21) 

0.62 
(0.43) 

1.38 
(0.24) 

- No causality 

∆ ln XMFt 8.79 
(0.36) 

11.36 
(0.18) 

- 20.89* 
(0.01) 

3.56** 
(0.06) 

0.20 
(0.65) 

- XMA, XO  XMF 

∆ ln XMAt 22.38* 
(0.00) 

3.65 
(0.16) 

8.73** 
(0.07) 

- 0.91 
(0.34) 

2.75** 
(0.10) 

–0.15* 
(0.00) 

NY, XMF, RER  XMA 

∆ ln XOt 5.46 
(0.71) 

4.17 
(0.84) 

9.33 
(0.32) 

8.77 
(0.36) 

- 0.17 
(0.68) 

- No causality 

∆ ln RERt 8.32 
(0.40) 

1.30 
(1.00) 

8.27 
(0.41) 

7.96 
(0.44) 

3.31 
(0.91) 

- - No causality 

Victoria ∆ ln NYt - 7.27 
(0.12) 

1.37 
(0.85) 

5.85 
(0.21) 

0.06 
(0.81) 

3.44** 
(0.06) 

- RER  NY 

∆ ln XAGt 10.77* 
(0.01) 

- 3.79 
(0.15) 

0.64 
(0.42) 

0.33 
(0.57) 

7.42* 
(0.01) 

–0.49* 
(0.00) 

NY, RER  XAG 
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Table A6.3: Granger causality test results, Australia and its regions 
(p-values in parentheses) 
Region Dep. Var. ∆ ln NYt ∆ ln XAGt ∆ ln XMFt ∆ ln XMAt ∆ ln XOt ∆ ln RERt ECTt-1 Direction of Causality 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

∆ ln XMFt 4.27 
(0.37) 

2.54 
(0.64) 

- 1.91 
(0.75) 

1.57 
(0.21) 

16.05* 
(0.00) 

- RER  XMF 

∆ ln XMAt 6.78 
(0.15) 

2.34 
(0.67) 

4.92 
(0.30) 

- 0.54 
(0.46) 

0.01 
(0.93) 

- No causality 

∆ ln XOt 1.73 
(0.79) 

3.26 
(0.52) 

6.70 
(0.15) 

2.00 
(0.74) 

- 1.79 
(0.18) 

- No causality 

∆ ln RERt 10.14* 
(0.01) 

9.24** 
(0.06) 

28.21* 
(0.00) 

2.46 
(0.12) 

20.81* 
(0.00) 

- –0.42* 
(0.00) 

NY, XAG, XMF, XO  RER 

Queensland ∆ ln NYt - 0.96 
(0.33) 

27.87* 
(0.00) 

26.20* 
(0.01) 

41.67* 
(0.00) 

14.13* 
(0.00) 

–0.18* 
(0.00) 

XMF, XMA, XO, RER  NY 

∆ ln XAGt 6.07 
(0.19) 

- 4.68 
(0.32) 

3.66 
(0.46) 

10.36* 
(0.04) 

3.70 
(0.45) 

- XO  XAG 

∆ ln XMFt 14.69* 
(0.01) 

4.00×10–3 
(0.98) 

- 23.13* 
(0.00) 

31.89* 
(0.00) 

3.24** 
(0.07) 

–0.78* 
(0.00) 

NY, XMA, XO, RER  XMF 

∆ ln XMAt 10.74 
(0.22) 

0.12 
(0.73) 

17.36* 
(0.03) 

- 4.97 
(0.76) 

2.57 
(0.11) 

- XMF  XMA 

∆ ln XOt 2.10 
(0.72) 

10.60* 
(0.03) 

13.75* 
(0.01) 

3.20 
(0.53) 

- 1.74 
(0.78) 

- XAG, XMF  XO 

∆ ln RERt 7.42 
(0.49) 

5.74 
(0.68) 

5.16 
(0.74) 

13.56** 
(0.09) 

7.79 
(0.46) 

- - XMA  RER 

WA ∆ ln NYt - 2.47 
(0.12) 

16.24* 
(0.01) 

0.04 
(0.83) 

18.35* 
(0.01) 

14.87* 
(0.00) 

–0.26* 
(0.00) 

XMF, XO, RER  NY 

∆ ln XAGt 4.14 
(0.39) 

- 1.37 
(0.85) 

2.43 
(0.66) 

6.68 
(0.15) 

3.97 
(0.41) 

- No causality 

∆ ln XMFt 18.25* 
(0.01) 

1.22 
(0.27) 

- 6.73* 
(0.01) 

0.34 
(0.56) 

13.72* 
(0.00) 

–0.43* 
(0.00) 

NY, XMA, RER  XMF 

∆ ln XMAt 10.47 
(0.23) 

0.35 
(0.55) 

16.06* 
(0.04) 

- 13.50** 
(0.10) 

5.17 
(0.74) 

- XMF, XO  XMA 

∆ ln XOt 1.44 3.49 1.78 5.29 - 6.14 - No causality 
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Table A6.3: Granger causality test results, Australia and its regions 
(p-values in parentheses) 
Region Dep. Var. ∆ ln NYt ∆ ln XAGt ∆ ln XMFt ∆ ln XMAt ∆ ln XOt ∆ ln RERt ECTt-1 Direction of Causality 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

(0.84) (0.48) (0.78) (0.26) (0.19) 
∆ ln RERt 3.51 

(0.48) 
2.00 

(0.74) 
9.76* 
(0.05) 

1.67 
(0.80) 

1.17 
(0.88) 

- - XMF  RER 

SA ∆ ln NYt - 13.03* 
(0.04) 

0.15 
(0.70) 

6.29 
(0.39) 

9.27 
(0.16) 

2.41 
(0.12) 

- XAG  NY 

∆ ln XAGt 2.79 
(0.59) 

- 4.61 
(0.33) 

1.78 
(0.78) 

12.23* 
(0.02) 

1.56 
(0.82) 

- XO  XAG 

∆ ln XMFt 11.61* 
(0.07) 

6.63* 
(0.04) 

- 7.01* 
(0.03) 

0.60 
(0.44) 

2.80×10–3 
(0.96) 

–0.68* 
(0.00) 

NY, XAG, XMA  XMF 

∆ ln XMAt 11.23 
(0.19) 

2.32 
(0.97) 

0.06 
(0.81) 

- 5.09 
(0.75) 

0.28 
(0.59) 

- No causality 

∆ ln XOt 8.10* 
(0.00) 

8.59* 
(0.00) 

0.01 
(0.93) 

0.73 
(0.39) 

- 0.74 
(0.39) 

–0.54* 
(0.00) 

NY, XAG  XO 

∆ ln RERt 3.27 
(0.77) 

10.20 
(0.12) 

16.55* 
(0.01) 

2.98 
(0.81) 

17.09* 
(0.01) 

- - XMF, XO  RER 

Tasmania ∆ ln NYt - 6.95 
(0.33) 

11.13** 
(0.08) 

1.96 
(0.92) 

0.01 
(0.91) 

14.68* 
(0.02) 

- XMF, RER  NY 

∆ ln XAGt 6.99 
(0.54) 

- 11.53 
(0.17) 

9.55 
(0.30) 

0.57 
(0.45) 

8.95 
(0.35) 

- No causality 

∆ ln XMFt 4.15 
(0.84) 

10.46 
(0.23) 

- 6.03 
(0.64) 

6.42* 
(0.01) 

8.25 
(0.41) 

- XO  XMF 

∆ ln XMAt 4.57 
(0.80) 

8.26 
(0.41) 

3.07 
(0.93) 

- 4.33* 
(0.04) 

1.34 
(1.00) 

- XO  XMA 

∆ ln XOt 8.15 
(0.42) 

3.56 
(0.89) 

6.74 
(0.57) 

25.95* 
(0.00) 

- 11.08 
(0.20) 

- XMA  XO 

∆ ln RERt 2.57 
(0.63) 

11.19* 
(0.03) 

7.73 
(0.10) 

4.79 
(0.31) 

6.17 
(0.19) 

- - XAG  RER 

NT ∆ ln NYt - 15.82* 
(0.00) 

2.84** 
(0.09) 

5.53 
(0.24) 

13.84* 
(0.01) 

0.16 
(0.69) 

- XAG, XMF, XO  NY 
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Table A6.3: Granger causality test results, Australia and its regions 
(p-values in parentheses) 
Region Dep. Var. ∆ ln NYt ∆ ln XAGt ∆ ln XMFt ∆ ln XMAt ∆ ln XOt ∆ ln RERt ECTt-1 Direction of Causality 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

∆ ln XAGt 21.15* 
(0.01) 

- 0.22 
(0.64) 

2.31 
(0.13) 

13.57* 
(0.04) 

0.26 
(0.61) 

–0.52* 
(0.00) 

NY, XO  XAG 

∆ ln XMFt 8.00** 
(0.09) 

4.08 
(0.40) 

- 2.27 
(0.69) 

2.67 
(0.62) 

6.39 
(0.17) 

- NY  XMF 

∆ ln XMAt 1.75 
(0.99) 

16.32* 
(0.04) 

0.02 
(0.90) 

- 4.89 
(0.77) 

1.59 
(0.21) 

- XAG  XMA 

∆ ln XOt 7.48 
(0.49) 

3.82 
(0.87) 

0.08 
(0.78) 

17.09* 
(0.03) 

- 0.01 
(0.93) 

- XMA  XO 

∆ ln RERt 3.01×10–4 
(0.99) 

0.34 
(0.56) 

0.99 
(0.32) 

3.07** 
(0.08) 

10.78* 
(0.03) 

- –0.28* 
(0.00) 

XMA, XO  RER 

Dep. Var. = dependent variable. H0: No causality towards dependent variable. * If p-value < 0.05 reject H0 at the 5% level. ** If p-value < 0.10 reject H0 at the 10% level. 
Causality is long-run if respective ECT (in a cointegrating model) is negative and statistically significant; otherwise the causality is short-run. 
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Figure A6.1: Plot of CUSUM and CUSUMSQ of recursive residuals 
Economy CUSUM CUSUMSQ 
(1) (2) (3) 

Australia 

  

NSW 

  

Victoria 

  

Queensland 

  

WA 

  

SA 

  

Tasmania 

  

NT 

  

Red (top) and green (bottom) lines represent 5% critical bounds. Plot (blue lines) crossing the critical bounds 
indicates structural instability in the model. 
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Chapter 7: Dutch Disease in Australia and its Regions 

 

7.0 Introduction 

Based on the results from Chapters 4 to 6, it can be concluded that Australia has 

undergone an important mining boom since the early 2000s and this has verifiably 

contributed to an export-led growth in Australia. The benefits of this resources boom 

are found to accrue mostly to the regions where there are substantial mining operations 

going on. However, a boom in the resources sector can have adverse effects on other 

sectors such as wage inflation and real exchange rate appreciation which can lead to 

Dutch disease. According to Corden and Neary (1982), the Dutch disease involves a 

decline in the lagging sector (usually manufacturing) contributed by a booming sector 

(usually the resources sector). 

Figure 7.1: Value added by sector – Australia, 1974:Q3-2013:Q230 

 
Source: ABS (2013a). 

                                                 
30 The four quarters in each calendar year include March (Q1), June (Q2), September (Q3), and December 
(Q4). The Australian fiscal year starts from Q3 of a calendar year through to Q2 of the following calendar 
year, (e.g., FY2012=2011:Q3+2011:Q4+2012:Q1+2012:Q2). 
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Figure 7.1, reproduced here from Figure 2.17 in Chapter 2, presents the value added in 

the Mining, Manufacturing, and Services sectors of Australia. Figure 7.1 shows that 

value added in Australia’s mining sector rises substantially from the early 2000s, while 

that of manufacturing declines shortly afterwards. Value added in the services sector 

continues to rise throughout the period. 

Figure 7.2 (reproduced from Figure 2.15, Chapter 2) provides the real price indices of 

iron ore, coal, and the real exchange rate. The price indices of Australia’s booming 

exports, iron ore and coal, rise at the same time when there is a boom in the mining 

sector (Marsh, 2008; Corden, 2012). This is quite similar to the predictions of ‘Core 

Model’ of Dutch disease by Corden and Neary’s (1982). Here, the boom in the 

resources sector coincides with a rise in resource prices and a subsequent decline, in 

absolute or relative terms, in the lagging sector (manufacturing). 

Figure 7.2: Resource prices and real exchange rate, Australia, 1984:Q4-2013:Q2 

 
Source: IMF (2014), The Steel Index (2014) and U.S. Bureau of Labor Statistics (2014). 

 

Value added measures by each sector in Table 7.1 (reproduced from Table 2.7 in 

Chapter 2) reveals a decline in manufacturing between 1990 and 2012 in Australia 
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nationally. Data on regional level value added indicate that manufacturing is declining 

between 1990 and 2012, a period which includes the 2000s boom. The services sector is 

also seen to expand in most of the regions while mining grew only in a select few. This 

provides some clues to the mining boom coinciding with a deindustrialisation, hence a 

possible presence of Dutch disease in Australia. 

Table 7.1: Sectoral shares of Australia and its regions, 1990 to 2012 

Economy 
1990 2012 

Mining 
(%) 

Manufacturing 
(%) 

Services 
(%) 

Mining 
(%) 

Manufacturing 
(%) 

Services 
(%) 

(1) (2) (3) (4) (5) (6) (7) 
Australia 9.45 13.34 74.22 10.27 8.03 79.11 
         
NSW 3.06 15.70 79.37 3.97 10.03 84.10 
Victoria 8.99 18.71 68.49 2.57 10.76 83.38 
Queensland 13.66 14.62 67.53 13.26 9.48 73.58 
WA 34.32 8.12 52.11 42.93 6.45 48.23 
SA 4.97 17.17 70.83 5.43 11.35 76.82 
Tasmania 2.93 20.02 66.81 2.02 9.81 77.85 
NT 34.01 5.52 57.87 25.28 7.62 64.24 
Source: ABS (2013a). 
 

Our review of the literature finds the following empirical studies that econometrically 

test Dutch disease on the manufacturing sector. Details of all these studies can be found 

in Section 3.2 of Chapter 3. Rudd (1996) conducts an assessment of Dutch disease in 

Indonesia, Netherlands, and Nigeria. Égert (2005a) tests the equilibrium exchange rates 

in Bulgaria, Croatia, Romania, Russia, Ukraine and Turkey. Egert and Leonard (2008) 

test for Dutch disease in Kazakhstan. Ismail (2010) tests 15 oil exporting countries in 

the Middle East for Dutch disease. Algieri (2011) uses time-series analysis to find 

evidence for Dutch disease in Russia. Ruehle and Kulkarni (2011) investigate whether 

Chile suffers from Dutch disease. Beine et al. (2012) analyse Dutch disease in Canada. 

Mohammadi and Jahan-Parvar (2012) test Dutch disease in 13 oil exporting countries. 
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Studies by Beine et al. (2014) and Papyrakis and Raveh (2014) assess the presence of 

Dutch disease in different regions of Canada. Dülger et al. (2013) test Russia for Dutch 

disease by conducting cointegration testing for two symptoms. Forsyth et al. (2014) 

tests whether Australia’s tourism is suffering from Dutch disease by doing a computable 

general equilibrium modelling of the impacts of the mining exports on tourism. Dwyer 

et al. (2014) extend the Forsyth et al. (2014) study by analysing information gathered 

from prominent tourism organisations. 

The literature relating to an empirical test of Dutch disease (real exchange rate 

appreciation and deindustrialisation) in Australia and its regions is non-existent. As a 

result, this chapter is devoted to determining whether the Australian economy suffers a 

classic case of Dutch disease. The analysis of Dutch disease is then extended to the 

different regions of Australia, the states and territories, to understand whether the 

burden of Dutch disease (if any) is carried by some of the regions since the benefits of 

resources boom are seen to accrue mostly to a handful of the regions. 

This chapter is structured as the following: Section 7.1 specifies the model to be used in 

the empirical analysis, Section 7.2 gives a description of the available data and 

employed methodologies, Sections 7.3 and 7.4 present the empirical results of the data 

analysis of Australia (nationally) and its regions respectively, Section 7.5 provides a 

summary of the empirical findings, and Section 7.6 gives concluding comments of this 

chapter. 
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7.1 Model Specification and Methodology 

In this section, we outline the model and the methodology used in testing Dutch disease 

in Australia and its regions. This study tests whether the mining boom leads to an 

appreciation of the real exchange rate and brings about a deindustrialisation as 

explained in Corden and Neary (1982) and Corden (1984). These two adverse effects of 

the resources sector are described as “symptoms” of Dutch disease.  

7.1.1 Model specification 

The models used in testing for Dutch Disease in Australia are derived from Algieri 

(2011) and Dülger et al. (2013) which involve testing for the following two symptoms: 

a. Symptom (i): Real exchange rate appreciation 

To analyse the effect of the resources boom on the real exchange rate, following from 

Égert (2005a), Égert (2005b), Algieri (2011) and Dülger et al. (2013), we use the 

following model: 

ln 𝑅𝐸𝑅𝑡 = 𝛼0 + 𝛼1 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛼2 ln 𝑅𝐼𝑃𝑡 + 휀𝑡,       (7.1) 

where, RER is the real exchange rate, RPROD is the ratio of average labour productivity 

in the manufacturing and mining (tradable industry) sectors to that of the services (non-

tradable) sector. This average productivity ratio is calculated by dividing the value 

added in the tradable and non-tradable sectors by their respective employed labour 

forces. Thus, RPROD is then calculated using the employment data from each sector in 

the following formula: 

𝑅𝑃𝑅𝑂𝐷𝑡 =

(𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑖𝑛 𝑡𝑟𝑎𝑑𝑎𝑏𝑙𝑒 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑠𝑒𝑐𝑡𝑜𝑟𝑠)𝑡
(𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑖𝑛 𝑡𝑟𝑎𝑑𝑎𝑏𝑙𝑒 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑠𝑒𝑐𝑡𝑜𝑟𝑠)𝑡

(𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑖𝑛 𝑛𝑜𝑛–𝑡𝑟𝑎𝑑𝑎𝑏𝑙𝑒 𝑠𝑒𝑐𝑡𝑜𝑟)𝑡
(𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑖𝑛 𝑛𝑜𝑛–𝑡𝑟𝑎𝑑𝑎𝑏𝑙𝑒 𝑠𝑒𝑐𝑡𝑜𝑟)𝑡

        



256 
 

Use of this ratio of productivity (RPROD) is a practice that is consistent with Égert 

(2005a) and Égert (2005b) which helps to control for the Balassa-Samuelson effect 

(Balassa, 1964; Samuelson, 1964). The Balassa-Samuelson effect explains that an 

increase in productivity of the tradable sectors surpassing that in the non-tradable sector 

may go hand in hand with increases in real wages in the tradable sector without losing 

competitiveness given that relative purchasing power parity (PPP) holds (Égert, 2005a). 

In addition, RIP represents real iron ore price and is used since iron ore is the biggest 

export item of Australia and is followed by coal (DFAT, 2014). RIP is substituted by 

real coal prices (RCP) to observe the effects of the second-largest resource export item 

on RER. RIP and RCP will act as proxies for the mining rents by representing the 

windfall resultant from a rise in resource prices, thus accounting for the rise in incomes 

triggered by higher resource prices. The resource prices (RIP and RCP) are expected to 

contribute to real exchange rate appreciation as seen in Figure 7.2.  

To test for symptom (i), i.e., whether there is any real exchange rate appreciation due to 

the resources boom, we need to test whether coefficient α2 in equation (7.1) is 

significantly positive. 

b. Symptom (ii): Relative deindustrialisation 

To analyse the effect of the resources boom on deindustrialisation, following from 

Algieri (2011) and Dülger et al. (2013), we use the following model: 

ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛽1 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2 ln 𝑅𝐼𝑃𝑡 + 휀2𝑡,      (7.2) 

where YMS represents the relative sectoral share of manufacturing with regard to 

services. It is calculated by dividing manufacturing value added by services value added 

as: 
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𝑌𝑀𝑆𝑡 =
(𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑖𝑛 𝑀𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔)𝑡

(𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑖𝑛 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠)𝑡
         

This ratio between manufacturing and services is considered since a decline in the share 

of manufacturing output in aggregate GDP does not automatically suggest Dutch 

disease. The Dutch disease “Core Model” posits that the output of the lagging tradable 

sector (manufacturing in this case) will decline relative to the level in a non-boom 

scenario (counterfactual). However, a decline in the share of manufacturing output in 

aggregate GDP does not automatically suggest Dutch disease. This is because the 

booming sector will inevitably reduce the shares of other sectors even when their output 

levels are steady in absolute terms (Kojo, 2014). 

Agriculture cannot be included in this ratio since the objective of our analysis is to find 

deindustrialisation – a decline in manufacturing in absolute terms or relative to services. 

The agriculture sector is not entirely tradable unlike the manufacturing and mining 

sectors. This is due to quarantine/customs regulations, perishability and differences in 

tastes and preferences across countries with regard to food and agricultural products 

(Department of Agriculture, 2014a). Furthermore, inclusion of agriculture in the 

numerator of YMS will indicate the possible effect of the resources sector on both 

sectors combined. This will result in a loss of valuable insight into whether Australia 

suffers from either deindustrialisation or “de-agriculturalisation” or both. Thus, 

inclusion of agriculture will lead to a loss of valuable information and is beyond the 

scope of an analysis of deindustrialisation. 

To find evidence of deindustrialisation, the manufacturing sector has to decline relative 

to the non-tradable sector, i.e. represent the spending effect or indirect 

deindustrialisation at least. A decline in the YMS ratio implies that manufacturing 
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declines relative to services and vice-versa. However, the decline in YMS has to be 

contributed by resource prices (RIP or RCP), that is, there has to be a negative 

relationship between YMS and resource prices to show the spending effect. In addition, 

the variable RPROD will control for the resource movement effect (indirect 

deindustrialisation) that may have been brought about by the mining boom.  

The coefficient of resource prices, β2, is our coefficient of interest to test for symptom 

(ii) and is expected to be negative. For us to test for a mining boom induced 

deindustrialisation, we need to test whether coefficient β2 in equation (7.2) is 

significantly negative.  

7.1.2 Methodology 

For models (7.1) and (7.2), as they are both in double-log linear form, the empirical 

analysis begins with testing for stationarity of the model variables and identifying any 

structural breaks using the data to avoid any spurious results. As described in Section 

4.2.1, Chapter 4, the stationarity of the model variables is tested using the Augmented 

Dickey-Fuller (ADF) test for Australia and its seven regions. To make sure that there 

are no structural breaks in the data, we also use the Zivot-Andrews (1992) test, which 

tests the null of a unit root in the series against the alternative of a stationary series with 

an endogenously determined structural break31. The two models, equations (7.1) and 

(7.2), may be estimated using OLS if the variables are all stationary in level form. 

However, if the variables are non-stationary in level form, then the OLS estimates may 

be spurious. In contrast, if the non-stationary variables are stationary in their first-

difference form, I(1), and if there exists a long-run equilibrium (or cointegration) 

amongst them, the estimated results may not be spurious. To this end, tests for 

                                                 
31 As the Zivot-Andrews test is prone to substantial sample size distortions, it is not performed on the 
regions where the data is annual and the period is significantly shorter (Phillips and Xiao, 1998). 
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cointegration including the Johansen (1991) cointegration test or the ARDL bounds test 

for cointegration may be used. Granger causality tests may be carried out in an error 

correction model framework if cointegration is seen. If a structural break is detected in 

any variable by the Zivot-Andrews test, then cointegration tests, such as the A-K test, 

that allow for a break in the cointegrating relationship have to be implemented. Details 

of these tests can be found in Section 4.2, Chapter 4. 

If the variables are found to be cointegrated, a long-run equilibrium exists between the 

variables. The long-run effect of the right hand side variables on the dependent variable 

can be analysed by estimating the model using the A-K regression incorporating one 

structural break. There are three variations in the model of this test which include level 

shift, level shift with trend and regime shift. 

i) Level shift: In this test, the break occurs only in the intercept of the model. 

ii) Level shift with trend: The break in this test occurs in the intercept only but 

a trend term is included in the model. 

iii) Regime shift: The intercept and slope coefficients of the regressors are 

allowed to break in this case. This model does not include a trend term. 

As equations (7.1) and (7.2) are in double-log form, the estimated coefficients represent 

the implied long-run elasticities of the dependent variable with respect to each 

independent variable. 

If the order of integration is mixed and so variables are integrated of order greater than 1 

(i.e., I(2) or higher), then cointegration may not be tested using any of the 

aforementioned techniques. Johansen (1995), Paruolo (1996) and Rahbek et al. (1999) 

develop a theoretical framework for modelling and testing for cointegration in a VAR 

model with I(2) variables. Empirical applications often involve the “nominal-to-real 

transformations” [I(2)-to-I(1)] procedure which may be too complex and unsuitable for 
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small finite samples such as ours (Kongsted, 2005; Kurita, 2013). Moreover, the I(2) 

Vector Autoregression (VAR) is estimated with two or more I(2) variables (Tufte, 

1998). In contrast, our analysis is interested in finding out whether resource prices 

negatively or positively affect real exchange rate appreciation and/or deindustrialisation 

and the extent to which this effect is. 

In such a situation, the Dynamic OLS (DOLS) can be used to estimate the model, as it is 

able to handle data that are integrated of different and higher orders (>I(1)) (Stock and 

Watson, 1993). The DOLS estimation involves inclusion of lags and leads of the first 

difference of the regressors which can correct for regressor endogeneity and uses the 

Newey-West (1987) coefficient covariance matrix estimator which corrects for any 

heteroscedasticity and autocorrelation in the regressions. Furthermore, the DOLS has 

been shown to have good small sample properties (Stock and Watson, 1993). The 

following equation shows the DOLS specification for Dutch disease symptom (ii) 

where, K is the maximum number of lags and leads of the regressors chosen by 

minimising the Schwarz (1978) criterion (SC). 

ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛽1 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2 ln 𝑅𝐼𝑃𝑡 + ∑ 𝛾1𝑖

𝐾

𝑖=−𝐾

∆ ln 𝑅𝑃𝑅𝑂𝐷𝑡−𝑖

+ ∑ 𝛾2𝑖

𝐾

𝑖=−𝐾

∆ ln 𝑅𝐼𝑃𝑡−𝑖 + 휀𝑡

 (7.3) 

 

To ascertain the reliability of the DOLS regressions, we perform diagnostic tests on our 

estimated regressions. The model diagnostic tests to be conducted includes the Ramsey 

RESET test for functional misspecification, Jarque-Berra test for residual normality, 

and Cumulative Sum (CUSUM) and Cumulative Sum of Squares (CUSUMSQ) tests on 
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recursive residuals for structural stability. A detailed explanation of the CUSUM and 

CUSUMSQ tests can be found in Section 4.2.3 of Chapter 4. 

If the two Dutch disease symptoms are shown to exist (𝛼2 > 0 in (7.1) and β2 < 0 in 

(7.2), then we can conclude that the Australian national economy suffers from the Dutch 

disease. For the regions, if symptom (i) is shown to exist nationally, the results can be 

carried over for the regions as well, as the model (7.1) dependent variable RER is 

determined nationally. Therefore, for each region, if symptom (i) exists nationally, we 

need to test only for symptom (ii) based on equation (7.2). 

 

7.2 Data Description 

Australian national data 

Data on national level sectoral value added is available quarterly from 1959:Q3 to 

2013:Q3 in chain volume Australian Dollars (in millions) from the ABS (2013a). The 

Australian Real Exchange Rate (RER) is available quarterly from 1970:Q2 to 2013:Q2 

from the RBA (2013). Proxies for resource rents include real price of iron ore (RIP) and 

real price of coal (RCP) which are Australia’s biggest resource export items (DFAT, 

2014). Iron ore price is in US$ FOB32 and available monthly between January 1980 and 

December 2013 from The Steel Index (2014). Coal price is in US$ FOB and available 

from the IMF as monthly series from January 1980 to December 2013 (IMF, 2014). 

Iron ore and coal price series are then deflated using the consumer price index of the US 

(U.S. Bureau of Labor Statistics, 2014), and the deflated series are seasonally adjusted 

using X-11 seasonal adjustment technique33 which is the preferred method of the ABS 

                                                 
32 FOB or “Free On Board” is used to refer to non-containerized sea freight along with its port of loading. 
33 Details of the X-11 seasonal adjustment technique are provided in Appendix A4.2. 
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(2008). The seasonally adjusted monthly real iron ore and real coal prices are then 

averaged to quarterly series. Indices of RIP and RCP are generated spanning from 

1980:Q1 to 2013:Q4 with 2012:Q2 = 100. On the other hand, labour force employment 

by sector is available from the 1984:Q4 to the 2013:Q4 as quarterly seasonally adjusted 

series from the ABS (2013f). The finalised dataset for Australia nationally ranges from 

1984:Q4 to 2013:Q2. 

Australian Regional data 

The regional data on sectoral value added is available annually from 1990 to 2013 in 

chain volume million Australian Dollars from the ABS (2013c). The Australian Real 

Exchange Rate (RER), real price of iron ore (RIP), and real price of coal (RCP) are the 

same as those in the national level analysis except that the seasonally adjusted series are 

averaged to obtain the annual series for use with other annual regional variables. The 

base year for all three indices above is 2012 (=100). Quarterly labour force employment 

by sector from each region are taken from the ABS (2013f) and averaged to obtain the 

annual data. 

Graphical Representation of model variables 

In Figure 7.3 we explore the plots of variables involved in testing for symptom (i): Real 

Exchange Rate (RER), Productivity ratio (RPROD) and Real Iron ore Prices (RIP). RER 

has a generally increasing trend but fluctuates throughout the sample period. RIP is 

relatively stable (flat) until about 2004 when it rises dramatically, and then declines 

from 2011. Overall, RPROD is seen to have an upward trend with greater variability 

since the mid-1990s. Thus, ln RPROD and ln RIP appear to be positively related with ln 

RER. 
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We next consider the visual presentation of the variables involved in testing for 

symptom (ii) in Figure 7.4 to observe the movements in these variables. RPROD may 

be negatively correlated with YMS since RPROD rises while YMS falls. YMS is seen to 

be declining during the entire period to less than half its original index value in 1984:Q4 

indicating large-scale deterioration of relative size of the manufacturing sector. 

Figure 7.3: Real Exchange Rate (RER), relative productivity (RPROD) and Real 
Iron ore Price (RIP), Australia (1984:Q4 to 2013:Q2) 

 
 

Figure 7.4: Relative sectoral shares (YMS), relative productivity (RPROD) and 
Real Iron ore Price (RIP), Australia (1984:Q4 to 2013:Q2) 
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In Figure 7.5 we plot the variables involved in testing for symptom (ii) in level form for 

each region. The discussion relating to the plots for each region is given below: 

Figure 7.5: Relative sectoral shares (YMS), relative productivity (RPROD), and 
Real Iron ore Price (RIP) – Australian Regions, 1990 to 2013 
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Figure 7.5: Relative sectoral shares (YMS), relative productivity (RPROD), and 
Real Iron ore Price (RIP) – Australian Regions, 1990 to 2013 (contd.)  
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RIP. Despite variations throughout the sample timeframe, RPROD appears to be quite 

stable but on a slight decline since the early 2000s. 

Western Australia 

In WA, the time plot of equation (7.2) variables show interesting relations. YMS is seen 

to be positively related to both RPROD and RIP. However, YMS is not seen to decline 

unlike in the previous regions. 

South Australia 

The plot of model (7.2) variables from SA shows that YMS is negatively related to 

RPROD and RIP. YMS is seen to be on the decline since 1990 but may have stabilised 

from the late 2000s. RPROD is seen to be relatively stable until the late 2000s, after 

which it appears to be rising. 

Tasmania 

The above plot shows that RPROD in Tasmania is seen to be positively correlated with 

YMS in a manner similar to Victoria, Queensland and WA. YMS appears to be declining 

and negatively related to RIP which is also similar to all the above regions except WA. 

Similar to Victoria, Tasmanian RPROD appears to be on the slight decline from 1990 to 

2013. 

Northern Territory 

This plot shows positive relationships between YMS, RPROD and RIP in NT. However, 

unlike in the previous regions, YMS and RPROD in NT appear to move closely together 

until the mid-2000s when RPROD falls sharply while YMS remains virtually stable. 

YMS also has somewhat stable trend despite large variations. RPROD has a slightly 
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increasing trend despite the massive fall during the mid-2000s. Interestingly, YMS 

appears to be positively related to both RPROD and ln RIP which is similar to WA. 

 

7.3 Empirical Results: Australian Data 

In this section, Dutch disease is tested for in Australia nationally using the 

methodologies mentioned in Section 7.1.2. The ADF unit root test is carried out on 

quarterly national level data for the period from 1984:Q4 to 2013:Q2 and the results are 

provided in Table 7.2. The ADF test results show that the null hypothesis of a unit root 

series is not rejected in level form but is rejected in first difference; that is, the variables 

are non-stationary in level form but stationary in first difference form. The robustness of 

the ADF unit root test results is checked by testing each variable using the Zivot-

Andrews (1992) unit root test with a structural break. 

Table 7.2: ADF unit root test results, Australia 
(p-values in parentheses) 
Variable Test Statistic Order of 

integration  Level form First-difference form 
(1) (2) (3) (4) 
ln YMSt   0.39 (0.98) Non-stationary –10.77 (0.00)* Stationary I(1) 

ln RPRODt –2.00 (0.29) Non-stationary –10.88 (0.00)* Stationary I(1) 

ln RERt –1.08 (0.72) Non-stationary –9.16 (0.00)* Stationary I(1) 

ln RIPt   0.83 (0.99) Non-stationary –3.89 (0.00)* Stationary I(1) 

ln RCPt –2.49 (0.12) Non-stationary –6.67 (0.00)* Stationary I(1) 

H0: Series is non-stationary. * If p-value < 0.05, reject H0 at 5% level of significance. 

 

In Table 7.3, results from the Zivot-Andrews (1992) tests show that ln RPROD contains 

a structural break and is stationary while the other variables are free from breaks and are 

non-stationary in level form at the five percent level of significance. Thus, the Zivot-

Andrews unit root tests indicate that there is a possibility of a structural break in the 
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models. As a result, the A-K cointegration tests which incorporate one structural break 

are employed for the estimation of both models. 

Table 7.3: Zivot-Andrews unit root test, Australia, 1984:Q4-2013:Q2 
Variable Test Statistic Critical Value (5%) Estimated Break Date 
(1) (2) (3) (4) 
ln YMSt –3.86 –4.93 - 
ln RPRODt –5.58* –4.93 1990:Q1 
ln RERt –3.99 –4.93 - 
ln RIPt –3.40 –4.93 - 
ln RCPt –3.58 –4.93 - 
H0: Series is non-stationary without a structural break. * If test statistic < critical value, reject H0 at 5% 
level of significance. 
 
 

7.3.1 Symptom (i): real exchange rate appreciation 

We begin our analysis of the Dutch disease by first carrying out the A-K test for the 

cointegration of model (7.1) variables. For the A-K cointegration test, model (7.1) with 

the endogenously determined dummy as well as the shift variables included is defined 

as follows: 

ln 𝑅𝐸𝑅𝑡 = 𝛼0 + 𝛿1𝐴𝐾𝐷 + 𝛼1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛼2𝑖 ln 𝑅𝐼𝑃𝑡 + 휀𝑡,       i=1,2  

where, α11 and α12 represent the pre- and post-break coefficients of ln RPROD in the 

regime shift variant of the A-K. Similarly, the α21 and α22 are the pre- and post-break 

coefficients of ln RIP. 

The null and the alternative hypotheses are, 

H0: RER, RPROD and RIP are cointegrated 

HA: RER, RPROD and RIP are not cointegrated 
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For symptom (i) to exist in Australia, model (7.1) has to have long-run equilibrium 

(cointegration) and the coefficient of ln RIP (2i) has to be positive and statistically 

significant. In Table 7.4, the estimation results from the A-K test are given. 

Table 7.4: Results of A-K cointegration tests, Symptom (i) 

Model 
Symptom (i): ln 𝑅𝐸𝑅𝑡 = 𝛼0 + 𝛿1𝐴𝐾𝐷 + 𝛼1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛼2𝑖 ln 𝑅𝐼𝑃𝑡 + 휀𝑡 

Test Statistic �̃�1(�̃�) Critical Value  
(at 5% level) 

Cointegrated? Break Date 
(break fraction, �̃�) 

(1) (2) (3) (4) (5) 

Level shift 0.05 0.13 Yes 2003:Q1 
(0.64) 

Level shift 
with trend 0.03 0.09 Yes 2003:Q1 

(0.64) 

Regime shift 0.03 0.09 Yes 2003:Q1 
(0.64) 

H0: Model cointegrated. * If test statistic > critical value, reject H0 at 5% level of significance. Critical 
values are given by Arai and Kurozumi (2007). AKD is the endogenously generated dummy in the A-K 
level shift and level shift with trend models. 

 

The computed test statistics do not exceed the five percent critical values in all three 

variations of the A-K test and thus, indicate the presence of long-run equilibrium in the 

model. The break date estimated in all three models is 2003:Q1 which corresponds to a 

period shortly after the onset of the 2000s mining boom. 

The results of the estimated A-K regressions for model (7.1) are given in Table 7.5. 

Here, α0 and δ1 represent the intercept and the intercept dummy in the level shift and 

level shift with trend models. However, α0 and δ1 represent the intercepts in pre- and 

post-break periods in the regime shift model. In all three variants, α1i and α2i indicate 

coefficients of RPROD and RIP, respectively. T represents the trend component in the 

level shift with trend model. Of the coefficients, α2i are of particular interest to us since 

they represent the elasticity of YMS with respect to RIP. The expected sign of these 

coefficients are positive in order for iron ore prices to contribute to a real exchange rate 

appreciation in Australia. 
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Table 7.5: Estimated A-K regressions, Symptom (i) 
(p-values in parentheses) 

Model 
Equation: ln 𝑅𝐸𝑅𝑡 = 𝛼0 + 𝛿1𝐴𝐾𝐷 + 𝛼1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛼2𝑖 ln 𝑅𝐼𝑃𝑡 + 휀𝑡 

Constant AKD Trend ln RPRODt ln RIPt 
α0 δ1 T α11 α12 α21 α22 

(1) (2) (3) (4) (5) (6) (7) (8) 

Level shift 4.25* 
(0.00) 

0.12* 
(0.00) - –0.10 

(0.19) - 0.15* 
(0.00) - 

Level shift 
with trend 

2.69* 
(0.00) 

0.16* 
(0.00) 

–1.80×10–3* 
(0.02) 

0.26 
(0.14) - 0.15* 

(0.00) - 

Regime shift 2.70* 
(0.00) 

0.45 
(0.75) - 0.12 

(0.29) 
0.79* 
(0.02) 

0.36* 
(0.00) 

0.10* 
(0.00) 

H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. AKD is the endogenously 
generated dummy in the A-K level shift and level shift with trend models. 

 

Estimated results in columns (7) and (8) in Table 7.5 show that α21s are all positive and 

significant showing that RIP has a positive effect on the real exchange rate of Australia. 

In the regime shift model, α22 is also positive and significant, possibly indicating that 

the effect of RIP remains positive even after the mining boom. The coefficients of ln 

RPROD, α11s, are insignificant in all three models and positive in level shift with trend 

and regime shift models and negative in the level shift model (columns 5 and 6, Table 

7.5). However, α12, which is the elasticity of RPROD in the post-break period, is 

positive and significant only in the regime shift model. As such, we consider the 

estimated results of the regime shift model. The positive elasticity of RPROD is 

indicative of the Balassa-Samuelson effect as the productivity ratio between the traded 

and non-traded sectors is seen to positively affect the real exchange rate – that is, it 

brings about a real exchange rate appreciation. 

7.3.2 Symptom (ii): relative deindustrialisation 

Once symptom (i), which is real exchange rate appreciation, is confirmed, we test for 

symptom (ii), which is relative deindustrialisation. We test whether the model (7.2) 

variables are cointegrated using the A-K cointegration test. For the A-K cointegration 
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test, model (7.2) with the endogenously determined dummy as well as the shift variables 

included is defined as follows: 

ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛿2𝐴𝐾𝐷 + 𝛽1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2𝑖 ln 𝑅𝐼𝑃𝑡 + 휀𝑡,       i=1,2  

where β11 and β12 represent the pre- and post-break coefficients of ln RPROD in the 

regime shift variant of the A-K. Similarly, the β21 and β22 are the pre- and post-break 

coefficients of ln RIP. 

The null and the alternative hypotheses are, 

H0: YMS, RPROD, and RIP are cointegrated 

HA: YMS, RPROD, and RIP are not cointegrated 

 

For symptom (ii) to be proven in Australia, model (7.2) has to have long-run 

equilibrium (cointegration) and the coefficient(s) of ln RIP (β2i) has to be negative and 

statistically significant. 

In Table 7.6, the results of the A-K tests carried out on the model (7.2) variables are 

given. The null hypothesis of the existence of cointegration between variables is not 

rejected in all three variations at five percent level of significance, indicating the 

presence of a long-run equilibrium in the variables. The break points estimated in the 

level shift with trend model is somewhat similar to the ones estimated model (7.1), 

corresponding to the onset of the mining boom. However, in the level shift model, the 

break date may indicate effects of the early 1990s recession in Australia (Gruen and 

Stevens, 2000). In contrast, the break date occurring in the 1999:Q1 may also represent 

the aftermath of the East Asian Financial Crisis on the Australian economy (Radelet and 

Sachs, 1998). The relatively earlier break dates obtained in this symptom may also 
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indicate that the process of a decline in manufacturing may have already started prior to 

the onset of the mining boom in the 2000s. 

Table 7.6: Results of A-K cointegration tests, Symptom (ii) 

Model 
Symptom (ii): ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛿2𝐴𝐾𝐷 + 𝛽1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2𝑖 ln 𝑅𝐼𝑃𝑡 + 휀𝑡 

Test Statistic �̃�1(�̃�) Critical Value 
(5%) 

Cointegrated? Break Date 
(break fraction (�̃�)) 

(1) (2) (3) (4) (5) 

Level shift 0.13 0.13 Yes 1996:Q4 
(0.43) 

Level shift 
with trend 0.04 0.09 Yes 2003:Q3 

(0.63) 

Regime shift 0.08 0.09 Yes 1999:Q1 
(0.50) 

H0: Model cointegrated. * If test statistic > critical value, reject H0 at 5% level of significance. Critical 
values are given by Arai and Kurozumi (2007). AKD is the endogenously generated dummy in the A-K 
level shift and level shift with trend models. 
 
 

Once cointegration tests are complete, equation (7.2) is estimated using the A-K 

regression method and the estimation results are given in Table 7.7. Here, β1i and β2i 

denote the coefficients of RPROD and RIP respectively (columns 7 and 8, Table 7.7). In 

symptom (ii), β21s are negative and statistically significant in the level shift and level 

shift with trend models. However, β21 is positive and significant while β22 is negative 

and significant in the regime shift model, showing that a rise in iron ore prices has 

resulted in a relative deindustrialisation in the post-break period. 

Table 7.7: Estimated A-K regressions, Symptom (ii) 
(p-values in parentheses) 

Model 
Equation: ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛿2𝐴𝐾𝐷 + 𝛽1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2𝑖 ln 𝑅𝐼𝑃𝑡 + 휀𝑡 

Constant AKD Trend ln RPRODt ln RIPt 
β0 δ2 T β11 β12 β21 β22 

(1) (2) (3) (4) (5) (6) (7) (8) 

Level shift 9.07* 
(0.00) 

–0.15* 
(0.00) - –0.83* 

(0.00) - –0.09* 
(0.00) - 

Level shift 
with trend 

4.74* 
(0.00) 

0.04* 
(0.00) 

–0.01* 
(0.00) 

0.15* 
(0.01) - –0.02* 

(0.00) - 

Regime shift 7.38* 
(0.00) 

6.05* 
(0.00) - –0.68* 

(0.00) 
–0.19 
(0.27) 

0.28* 
(0.00) 

–0.12* 
(0.00) 

H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. AKD is the endogenously 
generated dummy in the A-K level shift and level shift with trend models. 
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The coefficients of relative productivity, β11s, are seen to be negative and significant in 

the level shift and regime shift models but positive and significant in the level shift with 

trend model (columns 5 and 6, Table 7.7). Conversely, β12 is negative and insignificant 

in the regime shift model. Hence, the effect of RPROD on YMS is ambiguous based on 

the above results. The estimated results show that deindustrialisation is brought about 

by real iron ore prices, especially during the mining boom. 

 

7.4 Empirical Results: Regional Level Data 

In Section 7.3, Dutch disease is diagnosed in the Australian national economy as both 

symptoms of Dutch disease are confirmed. However, an analysis of Dutch disease is yet 

to be applied to a regional level in Australia. The regional analysis tests symptom (ii) 

(relative deindustrialisation) regionally to determine whether or not the burden of Dutch 

disease (if any) is carried by the regions since the national economy is seen to suffer 

from it. 

The regional level analysis begins with the symptom (ii) variables being tested for 

stationarity using the ADF test. A summary of the stationarity test results is given in 

Table 7.8 and detailed results are presented in Table A7.1, Appendix A7.1. The ADF 

test statistics in Table 7.8 show that ln YMS and ln RPROD are non-stationary in level 

form but stationary in first difference form, I(1), in all the regions. However, ln RIP is 

found to be non-stationary in first difference and integrated of order 2 [I(2)]. As we 

have only one I(2) regressor in our model (7.2), we cannot test for cointegration using 

the I(2) VAR (Tufte, 1998). Consequently, we use the DOLS estimation method which 

is known to work with regressors integrated of mixed and higher orders (>I(1)). 
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Table 7.8: ADF unit root test summary results, Australian regions 

Economy/Region Variables 
ln YMSt ln RPRODt ln RIPt ln RCPt 

(1) (2) (3) (4) (5) 
NSW I(1) I(1) I(2) I(2) 
Victoria I(1) I(1) I(2) I(2) 
Queensland I(1) I(1) I(2) I(2) 
WA I(1) I(1) I(2) I(2) 
SA I(1) I(1) I(2) I(2) 
Tasmania I(1) I(1) I(2) I(2) 
NT I(1) I(1) I(2) I(2) 
 
 

The results of the estimated DOLS regressions, equation (7.2), are provided in Table 

7.9. The null hypothesis in this case is that there is no Dutch disease present in any of 

the respective regions, that is, β2=0.  

Table 7.9: Model (7.2) estimation results, by region 
(p-values in parentheses) 

Region 
Equation: ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛽1 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2 ln 𝑅𝐼𝑃𝑡 + 휀𝑡 

Constant ln RPRODt ln RIPt R̅2 Ramsey’s 
RESETa 

Jarque- 
Berrab β0 β1 β2  

(1) (2) (3) (4) (5) (6) (7) 

NSW 11.85* 
(0.00) 

–1.61* 
(0.00) 

0.03 
(0.40) 0.78 1.40 

(0.25) 
1.00 

(0.61) 

Victoria –1.45* 
(0.00) 

1.43* 
(0.00) 

–0.12* 
(0.00) 1.00 0.75 

(0.41) 
0.54 

(0.76) 

Queensland 8.11* 
(0.00) 

–0.54* 
(0.01) 

–0.22* 
(0.00) 0.90 3.41 

(0.06) 
0.33 

(0.85) 

WA 8.86* 
(0.00) 

–0.95* 
(0.00) 

0.07** 
(0.07) 0.79 0.01 

(0.94) 
1.14 

(0.56) 

SA 2.44* 
(0.04) 

0.63* 
(0.03) 

–0.16* 
(0.00) 0.64 2.16 

(0.16) 
1.76 

(0.41) 

Tasmania –2.62 
(0.15) 

1.73* 
(0.00) 

–0.17* 
(0.00) 0.94 0.40 

(0.54) 
1.39 

(0.50) 

NT 4.45* 
(0.00) 

–0.19 
(0.25) 

0.22* 
(0.00) 0.62 2.99 

(0.07) 
1.39 

(0.50) 
H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject 
H0 at 10% level of significance. 
a: Ramsey’s RESET test for functional misspecification; H0: Functional specification is correct. b: 
Jarque-Berra test for residual normality; H0: Residuals are normal. * If p-value <0.05, reject H0 at 5% 
level of significance. 
 

 



275 
 

Column 5 in Table 7.9 indicates that the adjusted coefficients of determination (R̅2) 

recorded are quite high, with even the lowest value reading in excess of 0.60. This 

shows that the estimated models are very good fits. None of the regional estimations fail 

the Ramsey’s RESET and Jarque-Berra tests, at the five percent level of significance, 

confirming that our estimation results are diagnostically stable (columns 6 and 7, Table 

7.8). Furthermore, since the DOLS results are known to be robust to serial correlation 

and heteroscedasticity, such concern on the reliability of these results can also be 

allayed. The plots of CUSUM and CUSUMSQ of recursive residuals in Figure A7.1 (in 

Appendix A7.2) show that our estimated models are free from structural instability. 

New South Wales (NSW) 

From Table 7.9, it can be seen that the coefficient of our variable of interest, ln RIP, is 

positive and significant for NSW (column 4). Thus, we do not find RIP to contribute to 

relative deindustrialisation in NSW. The productivity ratio (RPROD) appears to have a 

negative relationship with relative sectoral shares or YMS (column 3, Table 7.9). This 

indicates that improvement in productivity in tradable sector relative to the non-tradable 

sector may lead to deindustrialisation in NSW. 

Victoria 

The coefficient of ln RIP in Victoria is negative and significant. The value of this 

elasticity is –0.13, which means that for a one-percent increase in the price of iron ore 

manufacturing as ratio of services falls by 0.13 percent, ceteris paribus. Consequently, 

we find evidence that RIP contributes to deindustrialisation in Victoria. RPROD is seen 

to have a positive coefficient indicating productivity ratio to have a positive relationship 

with YMS. This shows that a decline in the productivity ratio may also be behind any 
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relative deindustrialisation. Since real iron ore price is seen to contribute to 

deindustrialisation, Victoria suffers from the Dutch disease between 1990 and 2013. 

Queensland 

In Queensland, the coefficient of our variable of interest, ln RIP, is negative and 

statistically significant. The magnitude of this elasticity is –0.22 which means that, 

ceteris paribus, when iron ore price rises by one percent, manufacturing as a ratio of 

services falls by 0.22 percent. ln RPROD also has a negative and significant coefficient. 

Thus, we find RIP to contribute to relative deindustrialisation in Queensland which 

points to a presence of the Dutch disease in the region. In addition, productivity ratio is 

also found to be contributing to deindustrialisation. 

Western Australia (WA) 

The coefficient of ln RIP has a positive and significant coefficient in WA. The 

coefficient of ln RPROD is negative and significant indicating that a rise in relative 

productivity may also lead to deindustrialisation. Therefore, in WA, we do not find RIP 

to contribute to relative deindustrialisation, and the presence of the Dutch disease is not 

supported. 

South Australia (SA) 

Estimation of equation (7.2) in SA shows that ln RIP has a negative coefficient while 

the coefficient of ln RPROD is positive. Ceteris paribus, a one-percent increase in the 

price of iron ore results in 0.16 percent reduction in the manufacturing sector relative to 

the services sector. Consequently, this provides support for a contribution of RIP to 

relative deindustrialisation in SA. In addition, the positive coefficient of RPROD 

indicates that a decline in the productivity ratio between the tradable and non-tradable 
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sectors may be behind any relative deindustrialisation. Therefore, the Dutch disease is 

empirically observed in SA. 

Tasmania 

From Tasmania, ln RIP is seen to have a negative and significant coefficient whereas ln 

RPROD has a positive and significant coefficient in equation (7.2). The value of the 

coefficient of ln RIP is –0.17, which implies that a one-percent increase in the price of 

iron ore results in a 0.17 percent reduction in manufacturing relative to services, ceteris 

paribus. The negative implied elasticity of YMS with respect to RIP indicates its 

contribution to relative deindustrialisation in Tasmania. Results also show that a fall in 

the productivity ratio may also result in deindustrialisation. Based on these results, the 

deindustrialisation symptom is validated in Tasmania. 

Northern Territory (NT) 

In NT, it can be seen that ln RPROD and ln RIP has negative and positive coefficients 

respectively. However, the negative coefficient of RPROD is insignificant while the 

positive coefficient of RIP is significant. Consequently, we do not find RIP to contribute 

to relative deindustrialisation in NT. The insignificant elasticity of YMS with respect to 

RPROD also shows that relative productivity may not be a contributing factor in the 

industrial makeup of NT. Based on the regression results, the Dutch disease cannot be 

established in the NT. 

To check for the robustness of the national level results, we substitute RIP with RCP. 

RIP is substituted with RCP as coal is the second largest resource export item of 

Australia, and coal, along with iron ore, drove the 2000s boom (Kearns and Lowe, 

2011; DFAT, 2013, 2014). The A-K cointegration tests and regression results from 

model (7.1) are given in Table A7.2 and A7.3, Appendix A7.3). Equation (7.2) is then 
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tested for cointegration and re-estimated using RCP, and the results can be found in 

Tables A7.4 and A7.5 in Appendix A7.3. The equations (7.1 and 7.2), when re-

estimated using RCP, provide virtually identical results to that given by RIP. Thus the 

Dutch disease is also seen to be contributed by RCP. Similar to the national analysis, we 

replace RIP with RCP and re-estimate equation (7.2) for the regions. These results, 

presented in Table A7.6, Appendix A7.3, are almost identical to those when equation 

(7.2) was estimated using RIP. Consequently, the presence of deindustrialisation in 

Victoria, Queensland, SA, and Tasmania can be robustly concluded. 

 

7.5 Summary of Findings 

The Dutch disease can be verified empirically by testing for the two symptoms of the 

Dutch disease: (i) Real exchange rate appreciation, and (ii) Relative deindustrialisation. 

To this effect, the prices of resources are expected to contribute positively to real 

exchange rate appreciation and negatively to relative deindustrialisation. We first test 

for these two symptoms for Australia nationally. In the regions, however, resource 

prices are tested for their contribution to deindustrialisation only. This is because any 

real exchange rate appreciation is already tested at the national level and it would carry 

over at the regional level as well. Table 7.10 contains a summary of findings from the 

national and regional level analysis of Dutch disease. 

The A-K cointegration tests carried out on model (7.1) in Australia nationally indicate 

the presence of cointegration with an endogenously determined structural break. The 

mining boom is seen as a structural break (~2003) in all three variants of the A-K 

cointegration tests on model (7.1). The estimated long-run elasticities in equation (7.1) 

show that the real resource prices contribute to a real exchange rate appreciation. This 
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effect is positive significant in both the pre- and post-break periods. However, the 

magnitude of this effect is much smaller in the post-break period than in the pre-break 

period. This is also indicative of the ‘spending effect’ outlined in the ‘Core Model’, in 

which a resource boom leads to a rise in the real exchange rate. The positive coefficients 

of RPROD, relative labour productivity of tradable industry sectors to that of services, 

indicate that the differences in productivity determine the real exchange rate. This can 

be seen as a confirmation of the Balassa-Samuelson effect. 

Table 7.10: Summary of estimated results 
Economy Real exchange rate 

appreciation? 
Deindustrialisation? Dutch disease 

present? 
(1) (2) (3) (4) 
Australia Yes Yes Yes 
    
NSW - No No 
Victoria - Yes Yes 
Queensland - Yes Yes 
WA - No No 
SA - Yes Yes 
Tasmania - Yes Yes 
NT - No No 
 
 

With regard to equation (7.2), the A-K cointegration tests detect long-run equilibrium in 

Australia nationally. The endogenously determined structural break date in each variant 

of the A-K test on equation (7.2) is different. The estimated breaks correspond to the 

early 1990s recession in the level shift model, the 2000s mining boom in level shift with 

trend model, and the aftermath of the East Asian Financial Crisis in the regime shift 

model. In the regime shift model, the coefficients of real iron ore and coal are positive 

in the pre-break period and negative in the post-break period. As a result, the effect of 

iron ore and coal prices on relative share of manufacturing production to services 

production (YMS) is found to be negative in post-break period. This post-break period 
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includes much of the aftermath of the early 2000s mining boom. The net effect of 

resource movement and spending effects brought about by the resources boom is 

highlighted and deindustrialisation is attributed to the real iron ore and coal prices. 

The coefficient of RPROD is positive in the level shift with trend and regime shift 

models and negative in level shift model. However, the coefficient of RPROD in 

equation (7.2) is only significant in the post-break period of the regime shift model. 

These coefficients are significant in all cases except in the post-break period in both 

tests. This presents a perplexing situation since a rise in industrial productivity in 

relation to services results in relative deindustrialisation. Perhaps, due to an appreciating 

real exchange rate and declining manufacturing production, workers in the industry 

sectors are compelled to be more productive to retain production in their employing 

firms. Nevertheless, the effect of relative productivity on relative sectoral production is 

uncertain as results are not ubiquitous. 

Using Dynamic OLS to estimate equation (7.2), Dutch disease is tested on the regions 

of Australia. The main focus of the tests is to determine whether relative 

deindustrialisation in the regions is caused by a rise in real iron ore or coal price. 

Empirical results show negative and significant coefficients of real iron ore and coal 

prices in model (7.2) of Victoria, Queensland, SA, and Tasmania while in NSW, WA, 

and NT the coefficients of resource (iron ore and coal) prices are either positive or 

insignificant or both. Thus, resource prices are seen to contribute to relative 

deindustrialisation in Victoria, Queensland, SA, and Tasmania. 

Additionally, RPROD has a positive effect on YMS in Victoria, SA, and Tasmania while 

in NSW, Queensland, WA, and NT it has negative effects. In the case of NT this 

negative effect is not statistically significant. This is interesting as it shows that regions 
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where mining forms a large share of the economy appear to have a negative relationship 

between relative sectoral productivity and deindustrialisation. This may be a 

manifestation of the Dutch disease as manufacturing firms have no option but to 

downsize to increase productivity, that is, the firms reduce their employment and output 

to remain competitive. This may also be an indication of the ‘resource movement effect’ 

being particularly strong in regions with significant mining operations. 

Lastly, the inferences made from the national and regional level analyses are 

summarised in the following list: 

 Iron ore and coal prices (RIP and RCP) are seen to contribute to real exchange 

rate appreciation and relative deindustrialisation in Australia nationally. This can 

be observed in Figure 7.2 which provides visual evidence of a real exchange rate 

appreciation in Australia. In addition, Figure 7.1 illustrates that Australian 

manufacturing has been on a declining trend since the early 2000s. 

 In NSW, RIP and RCP are not seen to contribute to deindustrialisation and as 

such, Dutch disease is not observed. 

 Both RIP and RCP lead to relative deindustrialisation in Victoria and prove the 

presence of Dutch disease. As seen in Table 7.1, manufacturing in Victoria has 

declined substantially between 1990 and 2012. 

 In Queensland, relative deindustrialisation is seen to be brought about by RIP 

and RCP, implying a presence of Dutch disease. Queensland is seen in Table 7.1 

to undergo a considerable decline in manufacturing during the period, 1990-

2012. 

 In WA, RIP or RCP does not result in deindustrialisation. Accordingly, no 

Dutch disease is detected in the region. 
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 In SA, both RIP and RCP are found to contribute to relative deindustrialisation, 

indicating the presence of Dutch disease. SA is another region which has seen a 

substantial decline in manufacturing between 1990 and 2012. 

 Tasmania also suffers from the Dutch disease as RIP and RCP result in relative 

deindustrialisation in the region. As can be seen in Table 7.1, Tasmania suffers 

the largest percentage point loss in manufacturing from 1990 to 2012. 

 RIP and RCP are not found to bring about deindustrialisation in NT. Thus, 

Dutch disease is not detected in this region as its manufacturing sector is seen to 

actually grow between 1990 and 2012 (Table 7.1). 

 

7.6 Concluding Comments 

In this chapter, the test for the Dutch disease in Australia is carried out by testing for 

two symptoms: (i) Real exchange rate appreciation, and (ii) Relative deindustrialisation. 

In Australia nationally, resource prices are found to contribute to real exchange rate 

appreciation and relative deindustrialisation, proving the existence of the Dutch disease 

symptoms (i) and (ii) respectively. These results have been expected a priori and 

conform to the Dutch disease theory by Corden and Neary (1982). The gradual loss of 

manufacturing in Australia can be attributed to the negative externalities of the mining 

sector. Thus, the Australian national economy is seen to suffer a classic case of Dutch 

disease. 

In the regions, empirical support for deindustrialisation is observed in Victoria, 

Queensland, SA, and Tasmania while in other regions it is not supported. This indicates 

that these four Australian regions suffer from Dutch disease. Yet, all Australian regions 

except WA and NT are seen to undergo a decline in manufacturing (Table 7.1). The 
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overall conclusion from this regional analysis is that the negative externalities of the 

mining sector extend further regionally than its benefits, especially after the 2000s 

boom. 

However, the diagnosis of Dutch disease should be addressed with caution as slow 

growth (or stagnation) and decline can be seen in Australian national and regional 

manufacturing for almost the entire sample periods – from 1984:Q4 to 2013:Q2 

nationally and from 1990 to 2013 regionally. As discussed in the previous section, 

deindustrialisation in Australia may have already begun before the mining boom and is 

possibly due to the loss of comparative advantage in the Australian manufacturing 

sector coupled with the rise of Asian manufacturing powerhouses like China (Li, 2008; 

Athukorala, 2009). While the resources sector and the 2000s mining boom have 

adversely affected the manufacturing sector, it is a probable case of “the last straw that 

broke the camel’s back” with regard to the mining boom catalysing deindustrialisation 

in the national and regional economies of Australia. Nevertheless, the presence of Dutch 

disease in Australia nationally and in Victoria, Queensland, SA, and Tasmania 

regionally observed in this study should motivate the Australian policy makers to 

mitigate the detrimental effect of the mining boom. 

As the Dutch disease is found to be detrimental to the Australian national and regional 

manufacturing, we now move forward to enquire whether or not the agriculture sector, 

another lagging sector according to Corden (2012), also suffers from Dutch disease. 

Chapter 8, thus, empirically explores whether there is a Dutch disease effect of mining 

on the Australian national and regional agriculture.  
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Appendix A7 

 

A7.1 Tests for Stationarity 

Table A7.1 contains the ADF test statistics of the regional Dutch disease model (7.2) 

variables. The null hypothesis of non-stationarity is not rejected in level form for any of 

the variables. The variables ln YMS and ln RPROD are found to reject the null 

hypothesis in their first difference form and can be declared to integrated of order 1 or 

I(1). ln RIP and ln RCP are unable to reject the null hypothesis in their first differences. 

The null is rejected only when these two variables are in their second difference form. 

Thus, ln RIP and ln RCP are identified to be integrated of order 2 (I(2)). 
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Table A7.1: Augmented Dickey-Fuller unit root test of symptom (ii) (Relative deindustrialisation) variables by region, 1990-2013 
(p-values in parentheses) 
Variable NSW Victoria Queensland WA SA Tasmania NT 
(1) (2) (3) (4) (5) (6) (7) (8) 
ln YMSt –0.58 

(0.86) 
1.43 

(1.00) 
0.60 

(0.99) 
–2.26 
(0.19) 

–1.07 
(0.71) 

0.26 
(0.97) 

–0.97 
(0.75) 

∆ ln YMSt –4.74* 
(0.00) 

–4.99* 
(0.00) 

–3.28* 
(0.03) 

–3.95* 
(0.01) 

–4.66* 
(0.00) 

–3.91* 
(0.01) 

–3.51* 
(0.02) 

ln RPRODt –0.02 
(0.95) 

–0.55 
(0.86) 

–2.02 
(0.28) 

–2.82 
(0.07) 

–1.73 
(0.40) 

–0.81 
(0.80) 

–2.21 
(0.21) 

∆ ln RPRODt –5.69* 
(0.00) 

–5.41* 
(0.00) 

–5.07* 
(0.00) 

–4.53* 
(0.00) 

–5.81* 
(0.00) 

–4.98* 
(0.00) 

–4.80* 
(0.00) 

ln RIPt –1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

∆ ln RIPt –1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

∆2 ln RIPt –3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

ln RCPt –1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

∆ ln RCPt –1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

∆2 ln RCPt –10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

H0: Series is non-stationary. * If p-value <0.05, reject H0 at 5% level of significance.  
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A7.2 Tests for Structural Stability 

This table plots CUSUM and CUSUMSQ of recursive residuals to test for the structural stability of 
regional Dutch disease equation (7.2) estimations from Table 7.9 in Section 7.4. As none of plots 
cross the five percent critical bounds, symptom (ii) estimations are free from any instability. 

Figure A7.1: CUSUM and CUSUMSQ plots of symptom (ii) estimation, by region 
Economy CUSUM CUSUMSQ 
(1) (2) (3) 

Australia (1990 to 2013) 
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Broken lines represent 5% critical bounds. Plot (solid lines) crossing the critical bounds indicates structural instability 
in the model. 
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A7.3 Robustness Checks 

Dutch disease equation (7.1) is re-estimated nationally with Real Coal Price (RCP) to 

check for the robustness of the results estimated using Real Iron ore Price (RIP) in 

Table 7.4 of Section 7.3.1. The results in Table A7.2 show that the symptom (i) 

equation is cointegrated as the respective test statistics do not exceed the critical values. 

In addition, the break dates are also identical to those estimated using RIP with the 

exception of the level shift with trend model. Thus, model (7.1) results provided in 

Table 7.4 for Australia nationally are robust. 

Table A7.2: Results of A-K cointegration test, Symptom (i) with Real Coal Price (RCP) 

Model 
Symptom (i): ln 𝑅𝐸𝑅𝑡 = 𝛼0 + 𝛿1𝐴𝐾𝐷 + 𝛼1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛼2𝑖 ln 𝑅𝐶𝑃𝑡 + 휀𝑡 

TS: �̃�1(�̃�) Critical Values 
(5%) Cointegrated? Break Date 

(break fraction (�̃�)) 
(1) (2) (3) (4) (5) 

Level shift 0.08 0.13 Yes 2003:Q1 
(0.64) 

Level shift with 
trend 0.05 0.08 Yes 1992:Q2 

(0.27) 

Regime shift 0.03 0.09 Yes 2003:Q1 
(0.64) 

TS = test statistic. H0: Model cointegrated. * If test statistic > critical value, reject H0 at 5% level of significance. 
Critical values are given by Arai and Kurozumi (2007). AKD is the endogenously generated dummy in the A-K level 
shift and level shift with trend models. 
 
 

Table A7.3 contains the model (7.1) A-K regressions re-estimated using (RCP). The 

main variable (ln RCP) has positive and significant coefficients in all three variants of 

the A-K regressions. The coefficients of ln RPROD also have similar signs in both 

estimations. As a result, the robustness of the equation (7.1) estimations using RIP is 

verified. 

Table A7.3: Estimated A-K regressions, symptom (i) with Real Coal Price (RCP) 
(p-values in parentheses) 

Model 
Equation: ln 𝑅𝐸𝑅𝑡 = 𝛼0 + 𝛿1𝐴𝐾𝐷 + 𝛼1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛼2𝑖 ln 𝑅𝐶𝑃𝑡 + 휀𝑡 

Constant AKD Trend ln RPRODt ln RCPt 
α0 δ1 T α11 α12 α21 α22 

(1) (2) (3) (4) (5) (6) (7) (8) 

Level shift 2.27* 
(0.00) 

0.13* 
(0.00) - 0.23* 

(0.01) - 0.23* 
(0.00) - 

Level shift 
with trend 

2.97* 
(0.00) 

–0.15* 
(0.00) 

3.64×10–3* 
(0.00) 

0.09 
(0.60) - 0.20* 

(0.00) - 

Regime shift 3.16* 
(0.00) 

–3.34* 
(0.00) - 0.05 

(0.62) 
1.55* 
(0.00) 

0.20* 
(0.00) 

0.16* 
(0.00) 

H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. AKD is the endogenously generated 
dummy in the A-K level shift and level shift with trend models. 
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In Table A7.4, Dutch disease equation (7.2) in Australia nationally is re-estimated with 

RCP. This acts as a check for the robustness of the results estimated using RIP provided in 

Table 7.6 in Section 7.3.2. The re-estimated results indicate that model (7.2) is cointegrated 

as the respective test statistics are lower than the critical values. However, the cointegration 

test results are not as significant as the estimations using RIP. The break dates in this case 

are a little different except for the level shift model. The estimated break dates in level shift 

with trend and regime shift models occur some five years later than those estimated using 

RIP. This reflects the differences between RIP and RCP in bringing about 

deindustrialisation in Australia. Thus, model (7.2) results provided in Table 7.6 are robust. 

Table A7.4: Results of A-K cointegration test, symptom (ii) with Real Coal Price (RCP) 

Model 
Symptom (ii): ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛿2𝐴𝐾𝐷 + 𝛽1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2𝑖 ln 𝑅𝐶𝑃𝑡 + 휀𝑡 

TS: �̃�1(�̃�) Critical Values Cointegrated? Break Date 
(break fraction (�̃�)) 1% 5% 

(1) (2) (3) (4) (5) (6) 

Level shift 0.19* 0.20 0.13 Yes 1996:Q4 
(0.43) 

Level shift with 
trend 0.04 0.12 0.08 Yes 2008:Q3 

(0.83) 

Regime shift 0.14* 0.14 0.09 Yes 2003:Q4 
(0.67) 

TS = test statistic. H0: Model cointegrated. * If test statistic > critical value, reject H0 at 5% level of significance. *** 
If test statistic > critical value, reject H0 at 1% level of significance. Critical values are given by Arai and Kurozumi 
(2007). 
 

Dutch disease equation (7.2) is re-estimated using (RCP) in A-K regressions and the results 

are provided in Table A7.5. The coefficient of ln RCP is negative and significant in the 

level shift variant and in the post-break period in the regime shift variant of the A-K 

regressions. The coefficients of ln RPROD also have the same sign as estimated using RIP. 

As a result, the robustness of the model (7.2) estimations using RIP is verified. 

Table A7.5: Estimated A-K regressions, symptom (ii) with Real Coal Price (RCP) 
(p-values in parentheses) 

Model 
Equation: ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛿2𝐴𝐾𝐷 + 𝛽1𝑖 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2𝑖 ln 𝑅𝐶𝑃𝑡 + 휀𝑡 

Constant AKD Trend ln RPRODt ln RCPt 
β0 δ2 T β11 β12 β21 β22 

(1) (2) (3) (4) (5) (6) (7) (8) 

Level shift 10.11* 
(0.00) 

–0.17* 
(0.00) - –0.99* 

(0.00) - –0.14* 
(0.00) - 

Level shift 
with trend 

4.92* 
(0.00) 

–0.05* 
(0.00) 

–0.01* 
(0.00) 

0.08* 
(0.10) - 0.01 

(0.16) - 

Regime shift 7.49* 
(0.00) 

11.04* 
(0.00) - –0.73* 

(0.00) 
–1.32* 
(0.00) 

0.22* 
(0.00) 

–0.06* 
(0.05) 

H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. 
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To check for the robustness of the regional Dutch disease estimations (Table 7.9, Section 

7.4), model (7.2) is re-estimated using RCP and the results are given in Table A7.6 below. 

The coefficients of ln RCP have virtually the same sign as ln RIP in Table 7.9. Moreover, 

the signs of the coefficents of ln RPROD are also identical in this case. Consequently, the 

estimated results in Table 7.9 in Section 7.4 are found to be robust. 

Table A7.6: Symptom (ii) estimation with Real Coal Price (RCP) – by region 
(p-values in parentheses) 

Region 
Equation: ln 𝑌𝑀𝑆𝑡 = 𝛽0 + 𝛽1 ln 𝑅𝑃𝑅𝑂𝐷𝑡 + 𝛽2 ln 𝑅𝐶𝑃𝑡 + 휀𝑡 

Intercept ln RPRODt ln RCPt R̅2 Jarque- 
Berra c2 β3 β4  

(1) (2) (3) (4) (5) (6) 

NSW 14.08* 
(0.00) 

–2.27* 
(0.00) 

0.21* 
(0.00) 0.91 1.70 

(0.43) 

Victoria –2.89* 
(0.00) 

1.80* 
(0.00) 

–0.19* 
(0.00) 0.99 0.05 

(0.97) 

Queensland 14.21* 
(0.00) 

–1.58* 
(0.00) 

–0.48* 
(0.00) 0.83 0.62 

(0.73) 

WA 7.51* 
(0.00) 

–0.59* 
(0.00) 

–0.04 
(0.18) 0.46 0.32 

(0.85) 

SA 4.85* 
(0.00) 

0.16 
(0.63) 

–0.21* 
(0.00) 0.27 1.76 

(0.41) 

Tasmania –1.97 
(0.46) 

1.68* 
(0.01) 

–0.22** 
(0.06) 0.92 0.69 

(0.71) 

NT 3.28* 
(0.00) 

–0.08 
(0.69) 

0.33* 
(0.02) 0.39 0.76 

(0.69) 
H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject H0 at 10% 
level of significance. 
Jarque-Berra = Jarque-Berra test for residual normality. H0: Residuals are normally distributed. 
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Chapter 8: Impact of the Mining Boom on the 

Australian Agricultural Sector 

 

8.0 Introduction 

In Chapter 7, we found evidence of declining manufacturing sector production because 

of the mining boom in both the national and some of the regional economies of 

Australia. There are similar symptoms seen in another substantial tradable sector of 

Australia: agriculture. The agricultural sector in Australia is worth around A$47 billion 

in gross value added in 2012. During the same year, agricultural exports amounted to 

A$28 billion and is one of the most trade-exposed sectors of the Australian economy. 

Exports of agricultural items have been on the decline since the early 2000s, coinciding 

roughly with the onset of the mining boom and also the “Millennium Drought34” which 

occurred between 2002 and 2007 (Australian Government, 2014b). 

Value added in agriculture has also experienced a slowdown since the 2000s. In 

addition, the real exchange rate of Australia has been seen to appreciate considerably 

during the post-2000 period. Figure 8.1 presents the agriculture value added from 1974 

to 2012. Since 2000, agriculture value added can be seen to stagnate and experience 

sharp declines between 2002-04 and 2006-08, eventually declining after about 2010. 

Figure 8.2 presents the number of workers employed in the agricultural sector. 

Employment in agriculture, which has been steady at about 400,000 workers between 

1984 and 2000, is seen to generally decline since the early 2000s.  

                                                 
34 In Australia, drought is defined as rainfall over a three-month period lying below the 10th percentile of 
what has been recorded for that region in the past (Bureau of Meteorology, 2015). The drought, which 
occurred across Australia from 2002 to 2007 and considered by many to be Australia’s worst drought on 
record, is known as the ‘Millennium drought’. 
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Figure 8.1: Agriculture value added, Australia, 1974:Q3 to 2013:Q2 

 
Source: ABS (2013a). 

 

Figure 8.2: Agriculture employment, Australia, 1974:Q3 to 2013:Q2 

 
Source: ABS (2013f). 

 

Empirical literature relating the adverse effect of the resources sector boom on the 

agricultural sector includes Fardmanesh (1991), Nyatepe-Coo (1994) and Apergis et al. 

(2014). These studies are conducted on other countries as Fardmanesh (1991) tests 

Algeria, Ecuador, Indonesia, Nigeria, and Venezuela; Nyatepe-Coo (1994) tests Nigeria, 
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and Apergis et al. (2014) examines Middle East and North African Countries. Notable 

studies including Algieri (2011) and Dülger et al. (2013) empirically examine the Dutch 

disease effects on manufacturing in Russia. The regional level Dutch disease (on 

manufacturing) analyses on Canada by Beine et al. (2014) and Papyrakis and Raveh 

(2014) are also noteworthy. These studies have been discussed in detail in the literature 

review presented in Sections 3.2.3-3.2.5, Chapter 3. 

There is a gap in the empirical literature regarding the test of the Dutch disease effect of 

the mining sector on agriculture in Australia. This is because most of the agricultural 

economics literature includes studies that estimate the demand and supply response 

functions without taking into account the effect of the mining booms on Australian 

agriculture (Battese and Corra, 1977; Sanderson et al., 1980; Vincent et al., 1980; 

Battese and Coelli, 1995). In addition, to the best of our knowledge, this study is also 

the first to empirically investigate the economic impact of the Millennium Drought on 

agriculture at a regional level in Australia. However, there are computable general 

equilibrium studies by Horridge et al. (2005) and Wittwer and Griffith (2011), which 

simulate the impacts this drought may have had on the regional economies of Australia. 

It is obvious from the above that past literature relating to the Dutch disease effect on 

agriculture in Australia and its regions is virtually non-existent. As a result, this chapter 

is dedicated to determining whether the Australian agriculture suffers a Dutch disease 

effect brought about by the mining boom. This analysis is then extended to different 

regions of Australia, the states and territories, to understand whether the resources 

sector, especially after the 2000s boom, puts the agricultural sector in Australia and its 

regions at a serious disadvantage. 
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Figure 8.3 presents a bar chart of the volume of agricultural exports in 2002 and 2012 

from the seven Australian regions. Agricultural exports have declined during this 10-

year period in all seven regions. The fall is severe in Victoria, followed by NSW, WA 

and Queensland. The chart shows that the agricultural export sector has suffered in the 

period subsequent to the mining boom. 

Figure 8.3: Agricultural exports by region, 2002 and 2012 

 
Source: ABS (2013d). 
 

The rest of this chapter is structured as the following: Section 8.1 specifies the model 

and relevant methodologies to be used in the empirical analysis, Section 8.2 contains 

descriptions of the available data, Section 8.3 presents the results from the empirical 

analysis carried out on both the Australian national and regional economies, Section 8.4 

summarises the empirical findings, and Section 8.5 provides the concluding comments. 
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testing Dutch disease in Algieri (2011), Dülger et al. (2013), and Apergis et al. (2014). 

However, in this case, to measure the effect of the mining boom on Australian 

agriculture, we use the real exchange rate (RER) as a proxy for the mining boom. We 

use RER, as it represents the level of Australian export commodity prices relative to 

those of its trading partners. We look at the adverse effect (if any) the real exchange rate 

has on value added in agriculture, that is, whether a negative relationship exists between 

value added in agriculture and the real exchange rate. This is because the agricultural 

sector is not entirely tradable due to quarantine/customs regulations, perishability and 

differences in tastes and preferences across countries with regard to food and 

agricultural products (Mumford, 2002; Department of Agriculture, 2014a). Moreover, 

there are many non-tariff restrictions with regard to importation of food into Australia 

as all imported food must meet biosecurity requirements to be allowed into the country 

(Anderson et al., 2009; Department of Agriculture, 2014b). So, this analysis of the 

Dutch disease effect on agriculture is different from our investigation in Chapter 7, 

where we investigated whether there was any deindustrialisation in the national and 

regional economies of Australia. 

For our analysis about any decline in agriculture due to the mining boom, we use a 

model used in similar studies by Algieri (2011) and Dülger et al. (2013) for analysing 

the ‘deindustrialisation symptom’. The following functional form is specified for testing 

the Dutch disease effect of mining on agriculture: 

𝑌𝐴𝐺𝑡 = 𝑓(𝑃𝑅𝐴𝐺𝑡, 𝑅𝐸𝑅𝑡)          (8.1) 

where, at time t, YAG is the value added in agriculture, PRAG represents the average 

labour productivity in the agricultural sector, and RER stands for the Real Exchange 

Rate of Australia. PRAG is included in the model to control for the productivity and/or 
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resource movement effects. Inclusion of PRAG in the model is important as the 

Australian agriculture is the most labour-intensive sector (Productivity Commission, 

2005). The Productivity Commission (2005) finds that, between 2002 and 2004, 

Australia farmers produced, on average, some A$29 of output per hour of labour. This 

was lower than the average for the Australian economy as a whole which had a value of 

A$38.50 per hour of labour, and in most service industries. The only service sub-sectors 

to record lower levels of production per hour of labour include retail trade, 

accommodation, cafes and restaurants and personal and other services. Thus, a 

productivity proxy in our model will effectively capture any changes in agriculture 

value added resulting from changes in productivity. 

An appreciating RER represents the spending effect brought about by the mining sector 

(please refer to Section 7.1 in Chapter 7 for details). However, this model does not 

account for agricultural subsidies and other types of government support since, 

according to the OECD report on ‘Agricultural Policy Monitoring and Evaluation’ 

(2013), less than five percent of the Australian agricultural sector receives such 

supports. Even though this test of the Dutch disease effect on Australian agriculture is 

different from the test of a classic case of Dutch disease in Chapter 7, we will check for 

the robustness of this model by substituting RER with the real price of Australia’s two 

largest mining exports – iron ore (RIP) and coal (RCP). 

It is also necessary to control for the “Millennium Drought” which occurred between 

2002 and 2007 (Australian Government, 2014b). The extent of agricultural land affected 

by the Millennium Drought has been different for each region. The Australian 

government distinguishes between “normal” (or manageable) droughts and “severe” or 
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(unmanageable) droughts. The areas affected by severe drought are declared to be 

undergoing “exceptional circumstances” (or EC).  

Table 8.1 gives the share of EC declared agricultural area in each Australian region. In 

Table 8.1, it can be seen that, except for Tasmania and NT, considerable areas of the 

regional agricultural land underwent severe droughts between 2002 and 2007. About 88 

percent of NSW’s agricultural land was declared to be under exceptional circumstance 

while in Victoria, Queensland, and SA it was 51 percent, 48 percent, and 38 percent 

respectively. In WA however, one quarter of the agricultural land was declared to be 

experiencing severe drought. Only small proportions (eight and four percent 

respectively) of agricultural land were declared to be undergoing severe drought in 

Tasmania and NT. The total agricultural area of Australia that underwent severe drought 

between 2002 and 2007 is about 41 percent. Thus, significant portions of agricultural 

land in Australia nationally and in some regions were suffering from severe drought. 

Table 8.1: Average agricultural area “exceptional circumstances” declared, 
2002-2007 
Region Percentage of total 
(1) (2) 
NSW 88 
Victoria 51 
Queensland 48 
SA 38 
WA 25 
Tasmania 8 
NT 4 
  
Australia 41 
Source: Productivity Commission (2009). 
 

Thus, an exceptional circumstance dummy (ECD) is added to equation (8.1) to capture 

the effect of the Millennium Drought. Based on Table 8.1, the ECD dummy variable is 

applied only in Australia nationally, and in NSW, Victoria, Queensland, WA, and SA; 
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and is not added to the Tasmanian and NT models since a minute fraction of agricultural 

land in the latter regions were declared as under exceptional circumstances. As in other 

chapters, the ACT is excluded from the analysis due to large-scale volatility in its data. 

The ECD is defined as t follows: 

𝐸𝐶𝐷𝑡 = {
     0             𝑖𝑓 𝑡  𝐷𝑟𝑜𝑢𝑔ℎ𝑡 𝑦𝑒𝑎𝑟𝑠 (𝑡 ≤ 2001 , 𝑡 > 2007)

1             𝑖𝑓 𝑡  𝐷𝑟𝑜𝑢𝑔ℎ𝑡 𝑦𝑒𝑎𝑟𝑠 (2001 < 𝑡 ≤ 2007)
      (8.2) 

Algieri (2011) and Dülger et al. (2013) use a double-log functional form for their 

analysis. Thus, assuming that equation (8.1) is linear in log-form, the following 

equation is specified for estimation: 

ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛽1 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 𝛽3𝐸𝐶𝐷𝑡 + 휀𝑡      (8.3) 

 As equation (8.3) is in linear form, using data from Australia nationally and the seven 

regions, we use the methodology described in detail in Section 4.2 of Chapter 4 for 

model specification and estimation, which we briefly discuss below.  

The stationarity of the model variables is tested prior to model estimation by using the 

Augmented Dickey-Fuller (ADF) test in order to avoid any spurious results. The Zivot-

Andrews (1992) test, which tests for any endogenously determined structural break, is 

used to check for robustness of the ADF tests. If the variables are all stationary in their 

level form, then the model (8.3) can be estimated in LS and the coefficient estimates can 

be used to test for the significance of the coefficients. However, if the variables are non-

stationary in level form but are stationary in their first-difference form, I(1), then, if the 

variables are cointegrated, the relationship may not be spurious. The Johansen (1988) 

cointegration test or the ARDL bounds test of cointegration can be used for this 

purpose. Granger Causality test may be carried out in an error correction model if 
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cointegration is seen. However, if a break in a variable is detected using the Zivot-

Andrews (1992), tests for cointegration that allow for a break in the cointegrating 

relationship need to be implemented. Such tests include the A-K test and the Gregory-

Hansen test for cointegration. A detailed description of the A-K test and Gregory 

Hansen test can be found in Section 4.2.2 of Chapter 4. 

If the variables are found to be cointegrated, then a long-run equilibrium exists between 

the variables in each symptom. In such a case, the long-run effect of the right hand side 

variables on the dependent variable can be analysed by estimating regression of each 

symptom using the A-K regressions incorporating one structural break.  

Our model contains a mixed-log form on both sides of the equation (8.3), the estimated 

coefficients of ln PRAG and ln RER represent the implied long-run elasticity of YAG 

with respect to the above two independent variables. The coefficient of ECD will reflect 

the change in the YAG brought about by the Millennium Drought. Since we are 

interested to see whether the agricultural sector faces a Dutch disease effect, we 

emphasise on our analysis of the elasticity of the YAG with respect to the real exchange 

rate (RER), the coefficient of which is expected to be negative (β2 < 0). 

Regional level 

Prior to model estimation, in order to avoid any spurious results, the stationarity of the 

model variables are tested by using the Augmented Dickey-Fuller (ADF) test for the 

Australian regions35. If the variables are all stationary in their level form, then model 

(8.3) can be estimated using LS and the coefficient estimates can be used to test for the 

significance of the coefficients. If the variables are non-stationary in level form but are 

                                                 
35 As the Zivot-Andrews test is prone to substantial sample size distortions, it is not performed on the 
regions where the data period is significantly shorter (Phillips and Xiao, 1998). 
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stationary in first-difference form, I(1), then the relationship may not be spurious if the 

variables are cointegrated. The ARDL bounds test of cointegration will be used for this 

purpose. It is worth noting that the duration in which the ECD takes a nonzero value is 

only 25 percent of the sample time period and as such the ECD is not expected to have 

an impact on the asymptotic properties of the ARDL bounds test. The structural stability 

of the selected ARDL model is tested using the Cumulative Sum (CUSUM) and 

Cumulative Sum of Squares (CUSUMSQ) tests on the recursive residuals. Refer to 

Section 4.2 in Chapter 4 for an explanation of the above empirical methodologies. 

If the variables are cointegrated, then there is a long-run equilibrium relationship 

between the variables in equation (8.3). Where cointegration is present, a long-run 

equation based on equation (8.3) is estimated. Since equation (8.3) is in mixed log and 

level form, the estimated coefficients of ln PRAG (β1) and ln RER (β2) represent the 

long-run elasticities of YAG with respect to each regressor. The estimated coefficient 

(β3) of the ECD denotes the rate of change per annum between 2002 and 2007. The a 

priori expected signs for PRAG, RER, and ECD are positive, negative, and negative 

respectively. When we replace RER with RIP and RCP for robustness checks, the 

Dynamic OLS (DOLS) may be used to estimate equation (8.3) since the annual RIP and 

RCP series are integrated of order 2 or I(2) (see Table 7.8, Section 7.4, Chapter 7). 

Details of the DOLS method are provided in Section 7.1.2 in Chapter 7. 
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8.2 Data Description 

Australia 

Data on national level value added in agriculture, YAG, are available quarterly36 from 

September (Q3) 1959 to September (Q3) 2013 in chain volume million Australian 

Dollars from the ABS (2013a). The Australian real exchange rate (RER) is available 

quarterly from 1970:Q2 to 2013:Q2 from the RBA (2013) which is seasonally adjusted 

using X-11 seasonal adjustment technique. X-11 is the preferred method of the ABS 

(2008) and a detailed explanation of this technique is provided in Appendix A4.2. The 

seasonally adjusted real exchange rate is then rebased with 2012:Q2 (=100) as the base 

quarter. On the other hand, data on labour force employment in agriculture are available 

from 1984:Q4 to 2013:Q3 as seasonally adjusted quarterly series from the ABS (2013f). 

The variable PRAG, average labour productivity in agriculture, is then calculated using 

the employment data on the agriculture sector in the following formula: 

𝑃𝑅𝐴𝐺 =
𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑖𝑛 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒

𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑖𝑛 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒
         (8.4) 

This type of calculation of productivity is consistent with prior Dutch disease literature 

(on manufacturing), including Algieri (2011) and Beine et al. (2014). The finalised 

dataset for Australia nationally ranges from 1984:Q4 to 2013:Q2. 

Afterwards, we explore the plots (Figure 8.4) of variables involved in testing Dutch 

disease on Australian national agriculture: YAG, PRAG and RER. The plot of YAG 

indicates an increasing trend from 1984 to about early 1994 when it takes a dip and 

begins recovering from about mid-1995. The upward trend of YAG continues until about 

2002 when it takes a substantial plunge, recovering to previous levels in 2004. This 
                                                 
36 The four quarters in each calendar year include March (Q1), June (Q2), September (Q3), and December 
(Q4). The Australian fiscal year starts from Q3 of a calendar year through to Q2 of the following calendar 
year, (e.g., FY2012=2011:Q3+2011:Q4+2012:Q1+2012:Q2). 
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period corresponds to the beginning of the Millennium Drought that affected large parts 

of Australia and also coincides with the beginning of the mining boom. In the post-2004 

period the growth rate of YAG slows down and then suffers a substantial decline from 

about mid-2006, recovering some two years later. After this period, YAG is seen to 

fluctuate more and decline from the 2010s. 

Figure 8.4: Agriculture value added (YAG), agricultural productivity (PRAG), and 
Real Exchange Rate (RER), Australia (1984:Q4 to 2013:Q2) 

 
 

PRAG does not appear to follow a linear trend as the plot undulates from the beginning 

and to the end of the period. Overall, PRAG appears to decline from 1984:Q4 to about 

late 2001 when it begins to pick up and continues on an upward trend until the end of 

the period. The effect of the GFC is clear with a substantial plunge in value between 

2008 and 2010.  Lastly, it can be seen that the RER declines from the mid-80s to the 

late-80s, rising briefly in the early-90s, and continuing to fall until the early-2000s when 

it continues to strengthen until the end of the period, with a brief plunge during the 

GFC. Furthermore, the RER appears to undergo dips in the mid-‘90s, early-2000s and 

mid-2000s, slightly ahead of those in YAG. Overall, when the real exchange rate is seen 

to be relatively low and stable, YAG appears to continue on an upward trend.  
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Australian regions 

The regional data on agriculture value added is available annually from 1990 to 2013 in 

chain volume million Australian Dollars from ABS (2013c). In calculating the 

productivity ratio, PRAG, for the regions, data on labour force employment in 

agriculture from each region is taken from ABS (2013f) and averaged over the four 

quarters of the Australian fiscal year to obtain the annual series. PRAG is then 

calculated using the employment data from each sector for every region using the 

formula in equation (8.4). The finalised regional data is annual and starts from 1990 and 

ends in 2013. 

Figure 8.5 includes time plots of the model variables in level form from each region. 

The discussion relating to the plots for each region is given in the paragraphs below: 

New South Wales (NSW) 

Real value added in agriculture (YAG) appears to undergo periods of stagnation and 

growth between 1990 and 2013. From 1990 to about 1994, YAG is relatively stable, 

plunging briefly in 1995 and then growing until about 2002 when it took a deep plunge. 

This deep plunge in 2002 corresponds to the beginning of the Millennium Drought and 

the mining boom. During the drought years, YAG is seen to fluctuate heavily, and from 

2008 it is seen to have an upward trend until about 2011 when it is again seen to 

decline. Average labour productivity in agriculture (PRAG) is seen to follow similar 

patterns to that of YAG. RER is seen to be relatively stable between 1990 and 2002 

when it picks up and continues on an upward trend until 2013. This period corresponds 

to the post mining boom period and is also observed in Chapter 2. It can also be seen 

that the declines in RER appear to be followed by (i.e. a lagged effect) small increases in 

YAG. 
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Figure 8.5: Agriculture value added (YAG), agricultural productivity (PRAG), and 
Real Exchange Rate (RER), Australian regions, 1990-2013 
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Figure 8.5: Agriculture value added (YAG), agriculture productivity (PRAG), and 
Real Exchange Rate (RER), Australian regions, 1990-2013 (contd.) 
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but the recovery in the post-drought period can be observed to be led by productivity 

improvement. The RER can also be observed to be having a negative association with 

YAG, with stable RER being trailed by gains in YAG and appreciations in RER 

increasing volatility in YAG. 

Western Australia (WA) 

YAG in WA is found to be highly volatile between 1990 and 2013. However, the overall 

trend of YAG is quite flat despite the high variability. The impact of the Millennium 

Drought has not been substantial but can be observed in the deep decline in about 2002. 

PRAG is also seen to suffer from massive fluctuations between 1990 and 2013. Due to 

high variability in YAG, it is difficult to observe the co-movements between YAG and 

RER in WA. 

South Australia (SA) 

SA’s YAG is seen to decline slightly in 1994 and then picking up until about 2002 when 

it dips slightly, recovering shortly after. This recovery continues until about 2010, when 

it again declines quite sharply. A look at the PRAG plot shows that the changes in YAG 

are closely associated with PRAG. Between 1990 and to 2002, the RER is seen to be 

quite stable while YAG declines until 1994 and then increases slowly until 2002. After 

this period, YAG is seen to increase at a greater rate than the RER and overall, the 

association between YAG and RER appears to be negative. 

Tasmania 

In Tasmania, YAG is seen to have a linear upward trend between 1990 and 2013. There 

is a small shrinkage in YAG in 2002 but it recovers strongly afterwards and continues 

until 2012, when there is a small decline in YAG. Thus, the Millennium Drought is not 

seen to have a significant effect on YAG in Tasmania. PRAG in Tasmania is also seen to 
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move closely with YAG. However, from about 2008, PRAG is seen to improve 

drastically and is seen to grow faster than YAG. 

Northern Territory (NT) 

YAG in NT is seen to undulate while having an upward trend from 1990 to 2013. The 

effect of the Millennium Drought cannot be observed as YAG is seen to decline from 

2001 to about 2009. Since 2009, YAG is seen to remain stagnant till 2011, when it is 

again seen to decline. Unlike the above regions, the movements in PRAG do not show a 

pattern to those of YAG. However, during the 1990-1998 and 2007-2012 periods, both 

YAG and PRAG can be seen to move together. RER, on the other hand, is seen to have a 

negative association with YAG as the latter is seen to rise when RER is stable or falling. 

Between 2002 and 2008, YAG is also seen to fall as RER appreciated significantly. 

In summary, the plots of the equation (8.3) variables from the regional level data 

indicate that agriculture in most of the regions except Tasmania may be suffering from 

the Dutch disease effect. It appears that YAG and RER move in opposite directions in 

these regions. 

 

8.3 Empirical Results 

In this section, Dutch disease is tested for in Australia nationally using the 

methodologies mentioned in Section 8.1. For the national data during the period from 

1984:Q4 to 2013:Q2, the ADF unit root test is carried out and results show that the 

model variables are integrated of order 1 (I(1)). Table 8.2 below contains results of the 

ADF unit root tests: 
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8.3.1 National level data 

This section carries out the national level test for the Dutch disease effect of mining on 

agriculture. The analysis is begun by carrying out unit root tests on the variables 

included in our model (equation (8.3)). Table 8.2 contains the ADF unit root test carried 

out quarterly data spanning the 1984:Q4 to 2013:Q2 period. The ADF tests statistics 

show that the null hypothesis of a unit root series is accepted in level form and rejected 

when the variables are in first difference form. So, the variables are found to be 

integrated of order 1 (I(1)). 

The robustness of the ADF tests is checked by testing each variable using the Zivot-

Andrews (1992) unit root test with a structural break. The estimated results in Table 

A8.1 (see Appendix A8.1) show that ln YAG and ln PRAG contain one structural break, 

while ln RER is free from any breaks. 

Table 8.2: ADF unit root test results, Australia 
(p-values are in parentheses) 
Variable Test Statistic Order of 

integration  Level form First-difference form 
(1) (2) (3) (4) 
ln YAGt –1.30 (0.63) Non-stationary –10.98 (0.00)* Stationary I(1) 

ln PRAGt –0.74 (0.83) Non-stationary –10.02 (0.00)* Stationary I(1) 

ln RERt –1.08 (0.72) Non-stationary –9.16  (0.00)* Stationary I(1) 

H0: Series is non-stationary. * As p-value <0.05, reject H0 at the 5% level of significance.  
 

The Zivot-Andrews unit root tests show the possibility of structural break in the models. 

This may also be an indication of non-linearity in the model. As a result, the A-K 

cointegration test which incorporates one structural break is employed. However, ECD 

is not included while estimating using the A-K test since this method will endogenously 

determine the break point and generate a dummy variable to control for the break. 
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The null and the alternative hypotheses for the Dutch disease impact on agriculture 

(equation (8.3)) are, 

H0: YAG, PRAG and RER are not cointegrated 

HA: YAG, PRAG and RER are cointegrated 

 

For Dutch disease in agriculture to be proven in Australia, model (8.3) has to have long-

run equilibrium (cointegration) and the coefficients of ln RER (β2i) have to be negative 

and statistically significant. In Table 8.3, the computed test statistics of the A-K 

cointegration tests, carried out on equation (8.3), are given. The test statistics do not 

exceed the critical values in all three variations of the A-K test and indicate the presence 

of long-run equilibrium in the model. The break date estimated in all three models is 

identical at 2002:Q2 which corresponds to the onset of the Millennium Drought and 

also the period shortly after the beginning of the 2000s mining boom. 

Table 8.3: A-K cointegration test results, Australia 

Model: ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛿𝐴𝐾𝐷𝑡 + 𝛽1 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 휀𝑡 
Model Test Statistic* 

�̃�1(�̃�) 
Critical Values at 

the 5% level Cointegrated? Break Date 
(break fraction, �̃�)  

(1) (2) (3) (4) (5) 

Level shift 0.08 0.13 Yes 2002:Q2 
(0.62) 

Level shift with trend 0.07 0.09 Yes 2002:Q2 
(0.62) 

Regime shift 0.07 0.09 Yes 2002:Q2 
(0.62) 

H0: Variables are cointegrated. * If test statistic > critical value, reject H0. Critical values are given by 
Arai and Kurozumi (2007). AKD is the endogenously generated dummy in the A-K level shift and level 
shift with trend models. 
 

Once cointegration tests are completed, the long-run implied elasticities are estimated 

using the A-K regression method. The following equation, based on equation (8.3), 

contains the A-K regression equation including the endogenously determined dummy 

variable, 
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ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛿𝐴𝐾𝐷𝑡 + 𝛽1𝑖 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2𝑖 ln 𝑅𝐸𝑅𝑡 + 휀𝑡,      i=1,2    (8.5) 

where, β11 and β12 represent the pre- and post-break coefficients of ln PRAG in the 

regime shift variant of the A-K regression. Similarly, the β21 and β22 are the pre- and 

post-break coefficients of ln RER. 

The estimated regression results are given in Table 8.4 below. Here, c and δ represent 

the intercept and the intercept dummy in the level shift model. However, c and δ 

represent the respective intercepts in pre- and post-break periods in the regime shift 

model. T represents the trend component in the level shift with trend model. 

The results in Table 8.4 show that β21’s are negative and statistically significant in the 

level shift and the level shift with trend models. However, in the regime shift mode, β21 

is positive and β22 is negative but are both statistically insignificant. The coefficients of 

average labour productivity (PRAG), β11’s are seen to be positive and significant in all 

three models. Similarly, β12 is also positive and significant in the regime shift model 

showing that productivity has a positive effect even in the post-break period. The 

positive effect of PRAG on YAG is clear from the following results. 

Table 8.4: Estimated A-K regressions, model (8.5) – Australia 
(p-values in parentheses) 

Model 
Equation: ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛿𝐴𝐾𝐷𝑡 + 𝛽1𝑖 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2𝑖 ln 𝑅𝐸𝑅𝑡 + 휀𝑡 

Constant AKD Trend ln PRAGt ln RERt 
c δ T β11 β12 β21 β22 

(1) (2) (3) (4) (5) (6) (7) (8) 

Level shift 6.67* 
(0.00) 

–0.12* 
(0.00) 

- 0.97* 
(0.00) 

- –0.13* 
(0.00) 

- 

Level shift 
with trend 

6.79* 
(0.00) 

–0.13* 
(0.00) 

7.90×10–4* 
(0.05) 

0.89* 
(0.00) 

- –0.13* 
(0.00) 

- 

Regime shift 5.64* 
(0.00) 

6.77* 
(0.00) 

- 1.05* 
(0.00) 

0.86* 
(0.00) 

0.07 
(0.22) 

–0.11 
(0.11) 

H0: Coefficient = 0. * If p-value < 0.05, reject H0 at 5% level of significance. AKD is the endogenously 
generated dummy in the A-K level shift and level shift with trend models. 
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8.3.2 Regional level data 

This section uses the regional data for the six states and one territory for the period from 

1990-2013 to test for cointegration and estimate a long-run equation (where applicable) 

using the methodology for the Australian regions described in Section 8.1. For the 

robustness checks of the previously estimated national level results (Tables 8.3 and 8.4), 

we also carry out cointegration test and long-run equation estimation on annual national 

level data between 1990 and 2013. The regional analysis begins with carrying out the 

ADF unit root test on model variables and the results indicate that they are all integrated 

of order 1 or I(1) (Table A8.2, Appendix A8.1). 

Then, the ARDL bounds test is carried out and the test statistics and relevant finite-

sample critical values are given in Table 8.5 (columns 2 and 3). Cointegration is 

observed for Australia nationally, and for NSW, Queensland, WA, and SA because their 

respective F-statistics exceed the upper critical bounds. On the other hand, cointegration 

is not present in Tasmania and NT where the respective F-statistics are less than the 

lower critical bounds. However, in the case of Victoria, the dependent variable’s 

selected lag order is 0 and as such no test statistic is generated by the bounds test. As a 

result, we conclude that a long-run equilibrium does not exist in Victoria. 

The estimated ARDL model passes all the diagnostic tests except for serial correlation 

in Queensland (see Appendix A8.2, Table A8.3). However, serial correlation poses no 

problem in our estimation because the ARDL model with an appropriate lag selection is 

known to be robust against it (Pesaran et al., 2001). Except for Australia nationally and 

Victoria regionally, the ARDL estimations pass the structural stability tests as seen in 

the plots of CUSUM and CUSUMSQ of recursive residuals given in Figure A8.1 in 

Appendix A8.2. However, this is also not of huge concern since the national level 
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analysis has previously been carried out using the A-K technique, and in Victoria no 

cointegration is observed. 

Table 8.5: ARDL bounds test for cointegration, Australian regions 
(p-values in parentheses) 

Equation: ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛽1 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 𝛽3𝐸𝐶𝐷𝑡 + 휀𝑡 
Economy Test Statistic 

Critical bounds 
Cointegrated?  α = 5% 

(1) (2) (3) (4) 
Australia (1990-2013) 53.00* [5.40, 6.35] Yes 
      
NSW 42.75* [5.40, 6.35] Yes 
Victoria - [4.27, 5.47] No 
Queensland 8.57* [4.27, 5.47] Yes 
WA 37.39* [5.40, 6.35] Yes 
SA 10.50* [4.27, 5.47] Yes 
Tasmania 2.98 [4.27, 5.47] No 
NT 3.08 [4.27, 5.47] No 
H0: No cointegration. * If test statistic > upper bound critical value, reject H0 at 5% level of significance. 
Critical values are from Narayan (2005). 
 

Once the presence of cointegration is established in Australia nationally, and NSW, 

Queensland, WA and SA regionally, the implied long-run elasticities of NY with respect 

to PRAG and RER are obtained by estimating equation (8.3). The coefficients of ln 

PRAG and ln RER represent the long-run elasticities while that of the ECD denotes the 

rate of decline per annum between 2002 and 2007. In Australia, the elasticity of YAG 

with respect to PRAG is positive, indicating the positive effect of productivity 

improvement on the national agriculture (column 3, Table 8.6). Ceteris paribus, the 

Australian YAG is seen to rise by more than 0.90 percent when PRAG grows by one 

percent. The long-run elasticity of YAG with respect to RER has the expected sign as it 

is negative and significant (column 4, Table 8.6). This shows that when RER 

appreciates by one percent, Australia’s value added in agriculture declines by some 0.40 

percent, ceteris paribus. The sign of the coefficient of the ECD is also negative (–0.06) 
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and statistically significant. Ceteris paribus, value added in agriculture declined by 

some six percent between 2002 and 2007. 

Table 8.6: Long-run equation (8.3) estimation results, Australian regionsa 

(p-values in parentheses) 

Economy 
Equation: ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛽1 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2 ln 𝑅𝐸𝑅𝑡 + 𝛽3𝐸𝐶𝐷𝑡 + 휀𝑡 

Constant ln PRAGt ln RERt ECDt 
𝛽0 𝛽1 𝛽2 𝛽3 

(1) (2) (3) (4) (5) 
Australia 
 

7.85* 
(0.00) 

0.93* 
(0.00) 

–0.40* 
(0.00) 

–0.06* 
(0.00) 

     
NSW 7.66* 

(0.00) 
1.00* 
(0.00) 

–0.69* 
(0.00) 

–0.12* 
(0.00) 

Queensland 7.09* 
(0.00) 

1.29* 
(0.00) 

–0.89* 
(0.01) 

–0.10** 
(0.05) 

WA 5.23* 
(0.00) 

0.95* 
(0.00) 

–0.29** 
(0.06) 

0.05 
(0.34) 

SA 5.59* 
(0.00) 

0.83* 
(0.00) 

–0.25** 
(0.09) 

–0.05** 
(0.06) 

H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject 
H0 at 10% level of significance. 
a Victoria, Tasmania and NT are excluded since the variables are not cointegrated in these regions. 
 

In the four regional economies, the long-run elasticity of YAG with respect to PRAG 

(column 3, Table 8.6) is positive and statistically significant. This shows that when 

productivity grows by one percent, the regional agriculture value added rises by some 

1.00 percent in NSW, 1.29 percent in Queensland, 0.95 percent in WA, and 0.83 in SA, 

ceteris paribus. The positive elasticities of income with respect to exports point out the 

positive effect of productivity improvement on agriculture value added in the respective 

economies. These elasticities also show that agriculture is almost unit-elastic in 

response to its labour productivity in respective regions. 

The long-run elasticities of YAG with respect to RER (column 4, Table 8.6) are negative 

and significant in all four regions. The highest elasticity of YAG with respect to RER in 

NSW stands at about –0.69 followed by Queensland with a value of about –0.89, WA at 
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–0.29, and SA at –0.25. Ceteris paribus, a one percent increase in the real exchange rate 

brings about a decline in agriculture value added by 0.69 percent in NSW, 0.89 percent 

in Queensland, 0.29 percent in WA, and 0.25 percent in SA. Consequently, an 

appreciating RER (driven by the mining sector) is found to reduce agriculture value 

added in the regional economies. 

The coefficients of ECD in NSW, Queensland, and SA are negative while in WA it is 

positive. The positive coefficient of ECD in WA is not statistically significant while the 

negative coefficients in NSW, Queensland, and SA are significant. Between 2002 and 

2007, value added in agriculture declined by some 12, 10, and five percent in NSW, 

Queensland, and SA respectively. This shows that the Millennium Drought has had a 

negative impact on agriculture value added in these regions. 

We substitute the RER in equation (8.3) with RIP and RCP to determine the validity and 

robustness of these results. As the annualised RIP and RCP are integrated of order 2 or 

I(2), equation (8.3) is estimated using DOLS. Substituted equation (8.3) is not tested for 

cointegration because the cointegration tests that can work with data integrated of 

higher orders are very complex and inappropriate for the sample size of the regional 

level data (Kongsted, 2005; Kurita, 2013). In addition, the I(2) VAR is estimated with 

two or more I(2) variables whereas we have only one I(2) regressor in our model (Tufte, 

1998). 

The results from the substituted models are given in Tables A8.4 and A8.5 in Appendix 

A8.3. We can observe the similarities in these results with those that are estimated using 

RER. However, since this estimation is devoid of a cointegration test, we apply the 

substituted model to Victoria, Tasmania, and NT where no evidence for cointegration is 

detected previously by the ARDL tests. It can be seen in Tables A8.4 and A8.5 (column 
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4) that both RIP and RCP have a negative and significant effect on YAG in Australia 

nationally, and in NSW, Queensland, WA, and SA regionally. In Victoria and 

Tasmania, RIP and RCP are seen to have a small negative effect but are statistically 

insignificant. In NT, however, the effect of the RIP and RCP are positive and 

significant. The presence of the Dutch disease effect of mining on Australian national 

and regional economies can, thus, be robustly affirmed. 

It is important to note that the detrimental effects of the RIP and RCP are seen to be 

slightly smaller than those of the RER. This could be a result of the RER capturing more 

details about the domestic price levels as well as the spending effect than either the RIP 

or RCP does. The effect of PRAG is positive and significant in the national as well as 

the seven regional economies. Lastly, the effect of the Millennium Drought is also seen 

to have negative and significant effects in Australia nationally, and in NSW, 

Queensland, and SA regionally, as is the case in the original model containing RER. 

Consequently, the results from the substituted model are almost an exact match of those 

obtained from the original model and are a testament to its robustness. 

 

8.4 Summary of Findings 

The Dutch disease effect on agriculture can be confirmed if our model (8.3) is found to 

be cointegrated and there is a long-run negative effect of the Real Exchange Rate (RER) 

on value added in agriculture (YAG). Table 8.7 summarises the findings from the 

analysis of the Dutch disease effect on agriculture in Australia and its regions. 

Cointegration tests carried out using both the A-K and the ARDL bounds tests provide 

support for the presence of a long-run equilibrium in model (8.3) in Australia nationally. 

When long-run equation (8.3) is estimated in both A-K and OLS, the long-run elasticity 
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of YAG with respect to RER is found to be negative and statistically significant. It is 

worth noting that the Millennium Drought has also had a damaging impact on 

agriculture in Australia as whole. Nevertheless, the presence of the Dutch disease effect 

on the agricultural sector of Australia is proven empirically. 

Table 8.7: The Dutch disease effect on agriculture, Australia and its regions 

Economy Cointegration 
present? 

Long-run elasticity of 
YAG with respect to 

RER? 

Dutch Disease effect 
on agriculture? 

(1) (2) (3) (4) 
Australia Yes Negative Yes 
    
NSW Yes Negative Yes  
Victoria No N/A No 
Queensland Yes Negative Yes 
WA Yes Negative Yes 
SA Yes Negative Yes 
Tasmania No N/A No 
NT No N/A No 
 
 

Regionally, the ARDL bounds test indicates presence of cointegration in NSW, 

Queensland, WA and SA. The estimated long-run elasticity of YAG with respect is 

found to be negative and significant in all four of these regions. Thus, the mining sector 

is also found to have a Dutch disease effect on the agricultural sector in NSW, 

Queensland, WA and SA. Columns 2 and 6 of Table 2.7 (Chapter 2) show that 

agriculture’s share fell in all the large regions seen in this Chapter to undergo the Dutch 

disease effect, with the exception of Victoria. 

NSW, Queensland and WA have significant mining operations in their respective 

regions and also have enjoyed most of the benefits coming from the mining boom 

though ELG (see Chapters 5 and 6). The extent of the spending effect has been the 

strongest in NSW, Queensland and WA as seen in the coefficients of ln RER. In 
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contrast, SA is also found, in Chapter 6, to undergo an Agriculture-ELG and as such, an 

appreciating RER would certainly hurt its economy and agricultural sector. Figure 8.3 

also illustrates that, between 2002 and 2012, agricultural exports declined in all regions. 

Thus, in addition to the resource movement effect, the spending effect has been 

particularly strong in these four regions, as RER initiated a decline in their agriculture 

sectors. 

The Millennium Drought has also been seen to have a negative impact on value added 

in agriculture in all NSW, Queensland, WA and SA. Thus, the benefits of the mining 

sector, particularly in the wake of the 2000s boom, came at a detriment to the 

agricultural sector as it feels the effects of Dutch disease. The estimated results are 

found to be robust, when model (8.3) is re-estimated by substituting RER with RIP and 

RCP (see Tables A8.4 and A8.5, Appendix A8.3). 

 

8.5 Concluding Comments 

This chapter tests for the Dutch disease effect on agriculture in Australia and its regions. 

A model is specified on past literature consisting of agriculture, average labour 

productivity in agriculture, and the real exchange rate. Because of the Australian 

national level data containing a structural break and the data being quarterly, the Arai-

Kurozumi cointegration test which incorporates one structural break is used to test for 

long run equilibrium in the model. The Arai-Kurozumi test finds cointegration in the 

model with one structural break occurring shortly after the 2000s mining boom and the 

Millennium Drought. In the regions however, the ARDL bounds test for cointegration is 

used to estimate model (8.3), because the regional level data is available annually 

between 1990 and 2013. Since the ARDL bounds test does not include an endogenously 
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determined break, we add a dummy variable to control for the effect of the Millennium 

Drought in regions where it has been seen to have a significant effect on agriculture. 

In Australia nationally, the real exchange rate is found to contribute negatively to the 

value added in agriculture. This result has been expected a priori and conforms to the 

Dutch disease ‘Core Model’ by Corden and Neary (1982). Thus, the mining sector can 

be held responsible for the Dutch disease effect on agriculture. In the regions, empirical 

support for the Dutch disease effect of mining on agriculture is seen in NSW, Victoria, 

Queensland, WA and SA, while in other regions it is not supported. Mining activities 

have been seen to be concentrated mostly in NSW, Queensland and WA where 

agriculture is the worst affected amongst the regions. All four regions which suffer from 

the Dutch disease effect on agriculture are some of the biggest exporters of agricultural 

products. Since an appreciation of the real exchange rate makes imports cheaper, 

agriculture in these regions may have also lost out to cheap imports. 

While the mining boom has growth augmenting effect as evidenced by export-led 

growth in Chapters 4 to 6, its harmful effects are also identified through the Dutch 

disease effects on manufacturing (see Chapter 7) and on agriculture in this chapter. The 

results from this chapter should assist policy-makers in weighing up the costs of the 

mining sector on the Australian economy. Policies may be put in place so that the 

various regions and economic sectors of Australia are not net losers because of the 

Dutch disease effects. 

In Chapter 9, a summary and conclusion of the empirical findings from Chapters 4 to 8 

are provided. Then, the policy implications and the scope(s) for further research are 

discussed in that chapter. 
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Appendix A8 

 

A8.1 Tests for stationarity and structural breaks 

The following table includes the structural breaks checks for the model variables used in 

testing model (8.3). The structural break test involves the Zivot-Andrews unit root test 

which checks for a structural break in the data series and acts as a robustness check for 

the ADF unit-root tests. In Table A8.1, the estimated test statistics fall below the critical 

values, except for ln RER. The null hypothesis is rejected for ln YAG and ln PRAG but 

not for ln RER. This means that ln YAG and ln PRAG contain one structural break while 

ln RER is free from it. 

Table A8.1: Zivot-Andrews unit root test results, Australia 
Variable Test Statistic Critical Value  

(at 5% level) 
Estimated Break Date 

(1) (2) (3) (4) 
ln YAGt –5.02* –4.93 1995:Q3 
ln PRAGt –6.01* –4.93 2003:Q3 
ln RERt –3.99 –4.93 - 
H0: Series has a unit root with no structural break. *If test statistic < critical value, reject H0 at 5% level of 
significance. 
 
 
 
Table A8.2 contains the ADF test statistics of the regional symptom (ii) variables. The 

null hypothesis of non-stationarity is not rejected in level form for any of the variables. 

The variables ln YAG and ln PRAG are found to reject the null hypothesis in their first 

difference form and as such, can be declared to integrated of order 1 or I(1). For ln RIP 

and ln RCP, we are unable to reject the null hypothesis in their first difference form. 

The null is rejected only when these two variables are in their second difference form. 

Thus, ln RIP and ln RCP are integrated of order 2 (I(2)). 
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Table A8.2: ADF unit root test results, Australian regions 
(p-values in parentheses) 
Variable NSW Victoria Queensland WA SA Tasmania NT 
(1) (2) (3) (4) (5) (6) (7) (8) 

ln YAGt –1.97 
(0.30) 

–1.68 
(0.43) 

–1.00 
(0.74) 

–2.19 
(0.21) 

–0.33 
(0.91) 

–0.70 
(0.82) 

–1.35 
(0.59) 

∆ ln YAGt –6.02* 
(0.00) 

–7.82* 
(0.00) 

–4.45* 
(0.00) 

–6.98* 
(0.00) 

–6.53* 
(0.00) 

–5.54* 
(0.00) 

–4.45* 
(0.00) 

ln PRAGt –1.15 
(0.68) 

–1.47 
(0.53) 

–0.49 
(0.88) 

–2.29 
(0.18) 

0.02 
(0.95) 

1.03 
(1.00) 

–2.34 
(0.17) 

∆ ln PRAGt –5.78* 
(0.00) 

–5.22* 
(0.00) 

–5.23* 
(0.00) 

–4.06* 
(0.01) 

–7.08* 
(0.00) 

–5.49* 
(0.00) 

–5.79* 
(0.00) 

ln RERt 0.01 
(0.95) 

0.01 
(0.95) 

0.01 
(0.95) 

0.01 
(0.95) 

0.01 
(0.95) 

0.01 
(0.95) 

0.01 
(0.95) 

∆ ln RERt –4.31* 
(0.00) 

–4.31* 
(0.00) 

–4.31* 
(0.00) 

–4.31* 
(0.00) 

–4.31* 
(0.00) 

–4.31* 
(0.00) 

–4.31* 
(0.00) 

ln RIPt –1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

–1.70 
(0.42) 

∆ ln RIPt –1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

–1.69 
(0.42) 

∆2 ln RIPt –3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

–3.67* 
(0.01) 

ln RCPt –1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

–1.62 
(0.46) 

∆ ln RCPt –1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

–1.56 
(0.48) 

∆2 ln RCPt –10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

–10.81* 
(0.00) 

H0: Series is non-stationary. * If p-value <0.05, reject H0 at 5% level of significance.   
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A8.2 Diagnostic and Structural Stability Tests 

Table A8.3 contains the diagnostic tests including tests for serial correlation, functional 

misspecification, residual normality, and heteroscedasticity carried out on ARDL 

estimations of model (8.3). The estimated test statistics and the associated p-values are 

given in columns (2) to (5) of Table A8.3. The null hypothesis is not rejected, with one 

exception, in these diagnostic tests. Therefore, the estimated model for each economy is 

found to be free from serial correlation, functional misspecification, non-normal 

residuals, and heteroscedasticity. 

Table A8.3: ARDL diagnostic test results, Australian regions 
(p-values in parentheses) 

Economy 
Test 

Serial 
Correlationa 

Ramsey 
RESETb 

Residual 
Normalityc 

Hetero-
scedasticityd 

(1) (2) (3) (4) (5) 
Australia (1990-2013) 0.31 

(0.58) 
0.64 

(0.43) 
1.27 

(0.53) 
0.89 

(0.35) 
     
NSW 0.84 

(0.36) 
3.58 

(0.06) 
0.44 

(0.80) 
0.42 

(0.52) 
Victoria 3.93 

(0.07) 
1.29 

(0.26) 
0.32 

(0.85) 
1.60 

(0.21) 
Queensland 18.81* 

(0.00) 
1.86 

(0.27) 
1.46 

(0.48) 
0.02 

(0.88) 
WA 0.03 

(0.86) 
0.13 

(0.72) 
0.14 

(0.93) 
0.04 

(0.85) 
SA 3.67 

(0.06) 
2.84 

(0.09) 
0.36 

(0.84) 
1.03 

(0.46) 
Tasmania 3.68 

(0.06) 
2.66 

(0.10) 
0.70 

(0.70) 
1.64 

(0.20) 
NT 1.67 

(0.20) 
3.72 

(0.05) 
3.71 

(0.16) 
0.70 

(0.40) 
a = Lagrange multiplier test of residual serial correlation, b = Ramsey’s RESET test using the square of the fitted 
values, c = Normality based on a test of skewness and kurtosis of residuals, d = Heteroscedasticity test based on the 
regression of squared residuals on squared fitted values. a. H0: No serial correlation, b. H0: Functional specification is 
correct, c. H0: Residuals are normal; d. H0: Model exhibits homoscedasticity. * If p-value < 0.05, reject H0 at 5% 
level of significance. 
 
 

Figure A8.1 plots CUSUM and CUSUMSQ of recursive residuals to test for structural 

stability of the ARDL estimations of equation (8.3) (see Table 8.5, Section 8.3.2). Since 

the plots do not cross the five percent critical bounds (with one exception), the 

estimated models are structurally stable. 
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Figure A8.1: Plot of CUSUM and CUSUMSQ of recursive residuals 
Economy CUSUM CUSUMSQ 
(1) (2) (3) 

Australia 

  

NSW 

  

Victoria 

  

Queensland 

  

WA 

  

SA 

  

Tasmania 

  

NT 

  
Broken lines represent 5% critical bands. Plot (solid lines) crossing the critical bounds indicates structural instability 
in the model.  
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A8.3 Robustness Checks 

To check for the robustness of the national and regional estimations (Tables 8.4 and 8.6, 

Section 8.3), model (8.3) is re-estimated using real iron ore and real coal prices (RIP 

and RCP respectively). The estimated results are given in Tables A8.4 and A8.5 

respectively (see below). The coefficients of ln RIP and ln RCP have virtually the same 

sign as ln RER in Tables 8.4 and 8.6. Moreover, the signs of the coefficients of ln PRAG 

are also identical in these cases. Consequently, the estimated results in Tables 8.4 and 

8.6 in Section 8.3.2 are found to be robust. 

Table A8.4: Long-run equation (8.3) estimation results using Real Iron ore Prices (RIP) 
(p-values in parentheses) 

Economy 
Equation: ln 𝑌𝐴𝐺𝑡 = 𝛽0 + 𝛽1 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2 ln 𝑅𝐼𝑃𝑡 + 𝛽3𝐸𝐶𝐷𝑡 + 휀𝑡 

Constant ln PRAGt ln RIPt ECDt R̅2 JB  
𝛽0 𝛽1 𝛽2 𝛽3  test statistic 

(1) (2) (3) (4) (5) (6) (7) 
Australia (1990-2013) 
 

6.19* 
(0.00) 

1.00* 
(0.00) 

–0.11* 
(0.01) 

–0.09* 
(0.00) 

0.98 6.09* 
(0.05) 

       
NSW 5.20* 

(0.00) 
0.99* 
(0.00) 

–0.15* 
(0.03) 

–0.14* 
(0.01) 

0.88 1.16 
(0.56) 

Victoria 0.27 
(0.51) 

0.93* 
(0.00) 

0.02 
(0.52) 

–0.05 
(0.13) 

0.90 1.28 
(0.53) 

Queensland 3.81* 
(0.00) 

1.30* 
(0.00) 

–0.19* 
(0.00) 

–0.16* 
(0.00) 

0.85 0.52 
(0.77) 

WA 7.06* 
(0.00) 

0.44* 
(0.04) 

–0.27* 
(0.01) 

–0.08 
(0.18) 

0.86 4.93 
(0.08) 

SA 4.42* 
(0.00) 

0.93* 
(0.00) 

–0.10** 
(0.10) 

–0.10* 
(0.01) 

0.96 0.51 
(0.77) 

Tasmania 2.93* 
(0.00) 

1.01* 
(0.00) 

–0.06 
(0.21) 

- 0.86 0.77 
(0.68) 

NT 1.96* 
(0.04) 

0.41** 
(0.05) 

0.13* 
(0.03) 

- 0.41 0.34 
(0.84) 

H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject H0 at 10% 
level of significance.  JB = Jarque-Berra test for residual normality; H0: Residuals are normal. * If p-value <0.05, 
reject H0 at 5% level of significance. 
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Table A8.5: Long-run equation (8.3) estimation results using Real Coal Prices (RCP) 
(p-values in parentheses) 

Economy 
Equation: ln 𝑌𝐴𝐺𝑡 = 𝑐 + 𝛽1 ln 𝑃𝑅𝐴𝐺𝑡 + 𝛽2 ln 𝑅𝐶𝑃𝑡 + 𝛽3𝐸𝐶𝐷𝑡 + 휀𝑡 

Constant ln PRAGt ln RCPt ECDt R̅2 JB 
𝛽0 𝛽1 𝛽2 𝛽3  test statistic 

(1) (2) (3) (4) (5) (6) (7) 
Australia (1990-2013) 
 

6.74* 
(0.00) 

0.92* 
(0.00) 

–0.14* 
(0.00) 

–0.06* 
(0.03) 0.98 4.22 

(0.12) 
       
NSW 6.12* 

(0.00) 
0.85* 
(0.00) 

–0.22* 
(0.00) 

–0.14* 
(0.00) 0.90 1.27 

(0.53) 
Victoria –0.01 

(0.99) 
0.96* 
(0.00) 

0.06 
(0.37) 

–0.05** 
(0.07) 0.91 1.97 

(0.37) 
Queensland 5.01* 

(0.00) 
1.15* 
(0.00) 

–0.29* 
(0.00) 

–0.12* 
(0.03) 0.91 0.71 

(0.70) 
WA 1.66* 

(0.00) 
0.82* 
(0.00) 

–0.18* 
(0.01) 

0.08 
(0.18) 0.88 0.53 

(0.77) 
SA 5.12* 

(0.00) 
0.84* 
(0.00) 

–0.16* 
(0.00) 

–0.11* 
(0.00) 0.97 0.71 

(0.70) 
Tasmania 1.26* 

(0.02) 
0.78* 
(0.00) 

–0.05 
(0.39) - 0.85 0.78 

(0.68) 
NT 1.35 

(0.26) 
0.54* 
(0.01) 

0.11 
(0.54) - 0.33 0.61 

(0.74) 
H0: Coefficient = 0. * If p-value <0.05, reject H0 at 5% level of significance. ** If p-value <0.10, reject H0 at 10% 
level of significance. JB = Jarque-Berra test for residual normality; H0: Residuals are normal. * If p-value <0.05, 
reject H0 at 5% level of significance. 
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Chapter 9: Conclusion and Policy Implications 

 

9.0 Summary of Findings and Policy Implications 

In this thesis, we attempt to answer four unique research questions that have hitherto not 

been answered adequately in the existing literature. The four research questions are 

addressed in two streams: (i) Test of the benefits of the mining booms in Australia, and 

(ii) Test of the negative externalities that may have been brought about by the mining 

booms. In testing the benefits of the mining booms, we test whether there is Export-Led 

Growth (ELG) in Australia nationally and regionally and which exports sectors may or 

may not have brought about economic growth to the respective economies. In 

determining the negative externalities, we test for the Dutch disease effects of the 

mining booms on the agriculture and manufacturing sectors in Australia and its regions. 

We empirically investigate the ELG hypothesis in a bifurcated approach using time-

series data on the Australian national and regional level final demand, aggregate as well 

as disaggregated exports, and the real exchange rate. Similarly, the Dutch disease 

effects on agriculture and manufacturing are examined empirically using time-series 

data on the real exchange rate, productivity, real resource prices (iron ore and coal 

prices), and value added by economic sector from the national and regional economies. 

The findings and inferences drawn from the analyses of these four research questions 

are summarised in Table 9.1. Table 9.1 is then followed by a discussion of the policy 

implications of each research question. The overall impact of the mining booms and its 

implications are then discussed and relevant policy suggestions are made in the last part 
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of Section 9.0. The remainder of this chapter, Section 9.1, enlists the limitations of this 

research and possible scopes for further research. 

Major findings 

Firstly, our study finds evidence for both short- and long-run ELG in Australia 

nationally from 1981 to 2012. In particular, when compared during the two time 

periods, 1961-1980 and 1981-2012, it is found that there was no ELG in the pre-1981 

period and that the unprecedented mining boom during the 1981-2012 period played an 

important role in Australia enjoying an ELG. Within Australia, NSW, Queensland, and 

WA are found to undergo long-run ELG between 1990 and 2012. The estimated results 

also show short-run ELG in SA, Tasmania and NT. The presence of long-run ELG in 

Australia as a whole, and NSW, Queensland, and WA regionally, reflects the reality that 

the 2000s mining boom is contributing to growth in these economies.  

In addition to testing ELG, we also test whether exports have any cross-regional 

spillover effects on regional economic growth. Analysis of cross-regional spillover 

effects indicate that international exports from Victoria, Queensland and WA have 

positive effects on the economic growth of other regions whereas exports from NSW, 

SA, Tasmania, and NT have negative or statistically insignificant effects. Thus, it can be 

surmised that there are spillover benefits from regions undergoing ELG to those with 

little or no ELG. Moreover, as seen in the growth patterns of the regions, the regions 

undergoing ELG enjoy considerably higher economic growth than those which do not 

undergo ELG. 

Secondly, the findings from the disaggregated ELG analysis show that the ELG 

experience is unique for each region of Australia. The results obtained for this research 
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question are similar to those obtained in the aggregate ELG analysis as ELG is present 

in the long-run in Australia nationally, and in NSW, Queensland and WA regionally. 

The long-run ELG in Australia is driven by all export sectors, i.e. Agriculture, Mining 

and Fuels, Manufacturing and Other. Similarly, in NSW, growth is led by all four 

export sectors. In the boom region of Queensland, however, ELG is seen to be driven by 

Mining and Fuels, Manufacturing, and Other exports. In addition, WA enjoys Mining 

and Fuels and Other exports-led growth. In all the four economies, Mining and Fuels 

exports are seen to be the backbone of economic growth. This confirms the notion that 

the mining sector and the 2000s mining boom has had a beneficial impact on these 

economies. Even though Queensland and WA are mining boom states, their exclusive 

dependence on the mining sector renders these regions vulnerable to shocks in the 

demand for mining exports. 

Similar to the aggregate analysis, no export sector is seen to cause economic growth in 

Victoria. However, in the case of SA, Tasmania, and NT, ELG is short-run and is 

caused by different export sectors respectively. Some of the export sectors in these three 

regions are seen to undergo substantial declines while all exports sectors are seen to 

decline in Victoria. Policy-makers may use these results to tailor-make solutions to 

boost productivity and prevent decline in those export sectors. Such policies may 

include improved access to infrastructure and tax breaks for high value added products, 

to improve competitiveness and prevent declines in these sectors. This way, the benefits 

of ELG may be enjoyed across all the regions of Australia. 

Thirdly, the empirical support for Dutch disease in Australia nationally and in Victoria, 

Queensland, SA, and Tasmania regionally is a cause for concern as there are 

redistributive effects of a decline in a sector as large as manufacturing. Moreover, these 
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Table 9.1: Summary of findings from this thesis 

Economy Export-led growth? Which export sector leads growth? Suffering Dutch 

disease? 

Suffering Dutch 

disease in agriculture? 

Conclusion 

(1) (2) (3) (4) (5) (6) 

Australia Yes, long run All export sectors Yes Yes Multispeed economy 

      

NSW Yes, long run All export sectors No Yes Two-speed economy 

      
Victoria No N/A Yes No Lagging economy 

      
Queensland Yes, long run Mining and Fuels, Manufacturing, and Other Yes Yes Multispeed economy 

      
WA Yes, long run Mining and Fuels and Other No Yes Two-speed economy 

      
SA Yes, short-run Agriculture Yes Yes Multispeed economy 

      
Tasmania Yes, short run Mining and Fuels Yes No Two-speed economy 

      
NT Yes, short-run Agriculture, Mining and Fuels, and Other No No Ambiguous economy 
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four regions accounted for some 54 percent of Australia’s population and 49 percent of 

Australia’s GDP in 2012 (ABS, 2013b, 2013c). As such, the Dutch disease impact on 

the manufacturing sector in these regions will have profound impact on their economies. 

Policy makers may take actions to counter the impact of the resource prices and exports 

on the real exchange rate appreciation and resulting deindustrialisation. The results 

obtained from this research question may be used by policy-makers in Australia to 

adopt policies that will help mitigate the effects of Dutch disease in Victoria, 

Queensland, SA, and Tasmania. Policies that may help mitigate the regional Dutch 

disease effects in manufacturing may include encouraging interregional migration and 

increasing international migration intake (Ploeg, 2011; Beine et al., 2014). The findings 

may also elicit vigilance in other regions of Australia so that those regions do not suffer 

from deindustrialisation because of other region’s mining sector. 

Fourthly, the Dutch disease effect of mining on agriculture is found in Australia 

nationally and in NSW, Queensland, WA, and SA regionally. This is an additional area 

of concern because Australia and some of its regions are already found to suffer from a 

decline in manufacturing. In this case, NSW, Queensland, WA, and SA make up for 

some 70 percent of Australia’s population and 73 percent of Australia’s GDP in 2012 

(ABS, 2013b, 2013c). The agriculture sector is a leading employer across Australia and 

as such policy makers may take action so that the harmful impacts of the mining boom 

on agriculture is minimised, failing which may culminate in large-scale job losses. 

Thus, the results obtained in this analysis may act as a motivation for policies such as 

improvement of agricultural productivity through research and design, and exploring 

access to foreign markets. This is likely to mitigate the effects of Dutch disease on 

agriculture in NSW, Queensland, WA, and SA. 
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Overall policy implications 

The empirical results from the four research questions indicate that Australia may be 

facing the “multispeed economy” phenomenon both nationally and regionally. The idea 

of a multispeed economy in which the booming, lagging, and non-tradable sectors move 

in different directions/speeds has also been discussed qualitatively in the context of 

Australia by Garton (2008) and Corden (2012). The multispeed economy is a 

manifestation of resource booms having both positive (growth augmenting) and 

negative externalities (the Dutch disease effects on other sectors) on Australia’s national 

and regional economies. The findings from this thesis are indicative of the presence of a 

multispeed economy in Australia as a whole, as the economy enjoys ELG as well as 

experiences the Dutch disease effects in agriculture and manufacturing. 

The overall policy implications of this thesis are that the mining sector has had both 

positive and negative externalities (benefits and costs) on the country’s national and 

regional economies. There is heterogeneity amongst the regions with regard to the 

benefits and costs. Our findings indicate that the benefits of mining – ELG, especially 

that of the 2000s boom – are restricted to NSW, Queensland, and WA which are the 

regions of Australia where mining operations are concentrated. In contrast, the costs, 

loss in production and/or employment, inflicted on Australia’s national and regional 

economies are widespread as Victoria and Tasmania suffer from deindustrialisation 

while agriculture in NSW and WA is seen to suffer as well. Both agriculture and 

manufacturing in Queensland and SA are observed to suffer from Dutch disease. 

In the regional economies, Queensland, and SA are identified as multispeed economies 

as they experience ELG while their agriculture and manufacturing sectors suffer from 

Dutch disease. NSW, WA, and Tasmania are identified as having two-speed economies. 
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This is because NSW and WA undergo long-run ELG and a decline in their agriculture 

sectors while Tasmania experiences short-run ELG as well as a decline in 

manufacturing. Victoria is identified as the lagging region since it is the only region that 

does not experience ELG but suffers from Dutch disease (in manufacturing). Moreover, 

the case of NT is also interesting as it is the only region seen to undergo a short-run 

ELG led by agriculture and ‘mining and fuels’ exports without showing any sign of 

Dutch disease. However, since NT is the smallest of the regional economies and data 

from this region has shown relatively more volatile than that from other regions, we 

conclude that the case of NT is rather ambiguous with regard to the manner in which 

this region experiences benefits and costs arising from the mining sector. 

This thesis, consequently, provides an impetus for policy makers to realise the benefits 

and costs, both direct and indirect, the mining boom of the early 2000s brought about in 

the national and regional economies of Australia. It is clear that the disadvantages of the 

mining boom are more widespread than its benefits which are largely limited to certain 

regions. Furthermore, with the mining boom drawing to a close in the mid-2010s, 

Australia is finding itself in difficult times as mining sector as well as the other tradable 

sectors struggle to grow and generate jobs growth. 

Therefore, to achieve equitable and sustainable growth regionally and amongst the 

economic sectors in Australia, there is a need to mitigate the losses resulting from the 

mining booms by compensating the losers. This may be done by introducing a tax on 

excessive rents (economic profits) accrued in the mining sector, lowering interest rates, 

increasing immigration intake, and creating buffer funds or sovereign wealth funds 

(Ploeg, 2011; Corden, 2012; Zhang et al., 2015). Such funds may also help train worker 

skills and improve productivity in the sectors losing out so that they can be more 
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productive for the long-term future. However, a tax on rents in the Australian mining 

sector titled the “Minerals Resource Rent Tax” was in place for a short time since 2012 

and was repealed in 2014 (Parliament of Australia, 2014). 

Other ways of mitigating the harmful effects of the mining boom may include a cap on 

salaries and wages in the mining sectors and a quota on exports of fuels and minerals. 

This can assist in reducing the impact of the Dutch disease effects on other sectors, in 

particular agriculture and manufacturing. This may also go hand in hand with 

greenhouse gas emission reduction mechanisms like the emission trading scheme and 

the carbon tax, both of which have also been repealed in 2014 (Clean Energy Regulator, 

2014; Department of the Environment, 2014). 

 

9.1 Suggestions for Further Research 

Despite our best efforts in answering the four critical and timely questions about the 

impact of the mining sector, especially after the 2000s boom, on the Australian 

economy both nationally and regionally, we have faced some limitations in this thesis. 

These limitations, and possible suggestions for further research, are outlined in the 

following list: 

a. Studies to explore the mechanisms by which export spillovers can be transferred 

from one region onto another, which could not be attempted in this thesis 

because of time, data and other constraints faced while undertaking this 

research. Further studies on this issue may help identify and understand any 

interlinkages between the regional exports sectors in Australia. This may be 
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extended further by looking into the possible interlinkages between different 

exports sectors amongst the regions. 

b. While the ELG analysis has been carried out using data from broad export 

sectors, it can be extended further by looking at exports data disaggregated even 

further into subdivisions and individual export items. This may include using 

data on product-level exports such as cars, coal, dairy products, fresh fruits, etc. 

c. In addition, our ELG analysis does not include the services sector and its 

subsectors due to a lack of the availability of data for the Australian regions. The 

roles played by the services sectors and the included subsectors may be tested on 

the national as well as regional economies in future studies, when data becomes 

available. 

d. In testing Dutch disease, we have looked at the relative decline in the 

manufacturing sector at the aggregate and overlooked the specific subsectors and 

product lines in the manufacturing sector due to time and data constraints. The 

test of Dutch disease may be extended in the future to test which manufacturing 

subsectors and product lines may or may not suffer deindustrialisation induced 

by the mining sector. 

e. Similarly, a test of the Dutch disease effect on different agricultural 

products/sectors could not be performed due to a lack of data. Studies testing the 

impact of mining on agriculture may attempt obtaining micro-level data on 

value-addition for particular agricultural products such as wheat, cane sugar, 

rice, livestock etc. 
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f. Capital inflows or FDI are not included in analysing the impact of the resources 

sector on Australia’s economy since data on regional capital inflows are 

unavailable. In addition, with regard to the Dutch disease analysis, Corden and 

Neary (1982) considers the effect of capital inflows on the spending effect to 

become “diluted” due to repatriation of economic profits (rents). Australian 

mining operations are largely owned by foreign firms and inflows of capital into 

this sector may be countervailed by repatriation of profits to overseas 

shareholders of these firms (RBA, 2011). Thus, any inclusion of capital inflow 

data needs to be compensated by data on outflow of funds repatriated as profits. 

Data on repatriated profits are also sparse, particularly from the regions, due to 

confidentiality and non-disclosure of trade secrets. 

g. Nonlinear estimation techniques such as the threshold cointegration test and 

Hiemstra and Jones (1994) Granger causality test are not applicable to our 

analysis for several reasons. Firstly, the Australian government engages in very 

little market intervention that may culminate in a threshold adjustment. In 

particular, the RBA’s exchange rate interventions declined in frequency and the 

minimum threshold required to warrant an intervention was increased 

substantially since the 1990s (Newman et al., 2011). In addition, the RBA has 

not been interested in targeting a particular exchange rate level during this 

period. Furthermore, studies such as Makin and Shaw (1997) and Rogers and 

Siklos (2003) find very little evidence of RBA’s intervention activities being 

effective in influencing the direction of exchange rate or its volatility. Thus, 

threshold adjustment is not apparent in Australian exchange rate data that has 

been used in testing for ELG and Dutch disease. Secondly, the sample size used 
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in our analysis, particularly the regional level time series data, is not sufficiently 

long to capture nonlinear effects such as threshold adjustment to equilibrium. 

We attempt to overcome this limitation by testing the longer annual and 

quarterly time series for structural breaks. Presence of a structural break in the 

data resulted in our use of Arai-Kurozumi (Arai and Kurozumi, 2007; Kejriwal, 

2008) and Gregory-Hansen (Gregory and Hansen, 1996a, 1996b) cointegration 

tests which are able to incorporate the effect of one structural break. As such, 

nonlinear cointegration techniques such as the threshold cointegration test is not 

applied in the analysis. Lastly, the nonlinear Granger causality test procedure 

proposed by Hiemstra and Jones (1994) is not used due to its lack of reliability. 

h. Future studies may also take an interest in determining the effect of the mining 

booms on other aspects of the Australian economy including household 

disposable income, housing and rental prices, and inflation. 





337 
 

References 

A Survey of Australia: Something Old, Something New. (2000). The Economist, 

London, 7 September 2000. Retrieved from http://www.economist.com/node/35 

9651?story_id=E1_PVJGVT 

ABS. (2005). Time Series Analysis: The Basics. Information Paper: An Introductory 

Course on Time Series Analysis - Electronic Delivery, ABS Cat. No. 

1346.0.55.001. 25 July 2008. Retrieved 9 July, 2013, from http://www.abs. 

gov.au/websitedbs/D3310114.nsf/home/Time+Series+Analysis:+The+Basics 

ABS. (2008). Time Series Analysis: Seasonal Adjustment Methods. Information paper: 

An Introductory Course on Time Series Analysis - Electronic Delivery, ABS Cat. 

No. 1346.0.55.001, 10 September 2008.  Retrieved 9 July, 2013, from 

http://www.abs.gov.au/websitedbs/d3310114.nsf/51c9a3d36edfd0dfca256acb00

118404/c890aa8e65957397ca256ce10018c9d8!opendocument 

ABS. (2012). Data and Analysis. Census of Population and Housing, The Australian 

Bureau of Statistics, Canberra, July 2012. 

ABS. (2013a). Australian National Accounts: National Income, Expenditure and 

Product, ABS Cat. no. 5206.0. Australian Bureau of Statistics, Canberra, June 

2013. 

ABS. (2013b). Australian Demographic Statistics, ABS Cat. no. 3101.0. Australian 

Bureau of Statistics, Canberra, June 2013. 

ABS. (2013c). Australian National Accounts: State Accounts, ABS Cat. no. 5220.0. 

Australian Bureau of Statistics, Canberra, June 2013. 

ABS. (2013d). International Trade in Goods and Services, Australia, ABS Cat. no. 

5368.0. Australian Bureau of Statistics, Canberra, June 2013. 

ABS. (2013e). Balance of Payments and International Investment Position, Australia, 

ABS Cat. no. 5302.0. Australian Bureau of Statistics, Canberra, June 2013. 

ABS. (2013f). Labour Force, Australia, Detailed, Quarterly, ABS Cat. no. 

6291.0.55.003. Australian Bureau of Statistics, Canberra, November 2013. 

ABS. (2013g). International Trade Price Indexes, Australia, ABS Cat. no. 6457.0. 

Australian Bureau of Statistics, Canberra, June 2013. 

ABS. (2013h). Labour Force, Australia, ABS Cat. no. 6202.0. Australian Bureau of 

http://www.economist.com/node/35
http://www.economist.com/node/359651?story_id=E1_PVJGVT
http://www.abs.gov.au/websitedbs/d3310114.nsf/51c9a3d36edfd0dfca256acb00118404/c890aa8e65957397ca256ce10018c9d8!opendocument
http://www.abs.gov.au/websitedbs/d3310114.nsf/51c9a3d36edfd0dfca256acb00118404/c890aa8e65957397ca256ce10018c9d8!opendocument


338 
 

Statistics, Canberra, February 2013. 

ABS. (2014a). Private New Capital Expenditure and Expected Expenditure, Australia, 

ABS Cat. no. 5625.0. Australian Bureau of Statistics, Canberra, June 2014. 

ABS. (2014b). Wage Price Index, Australia, ABS Cat. no. 6345.0. Australian Bureau of 

Statistics, Canberra, March 2014. 

Agrawal, P. (2014). "The Role of Exports in India's Economic Growth". The Journal of 

International Trade and Economic Development: An International and 

Comparative Review, 24(6): 835-859. 

Akaike, H. (1974). "A New Look at the Statistical Model Identification". Automatic 

Control, IEEE Transactions on, 19(6): 716-723. 

Algieri, B. (2011). "The Dutch Disease: Evidences from Russia". Economic Change 

and Restructuring, 44(3): 243-277. 

Amano, R., and van Norden, S. (1995). "Terms of Trade and Real Exchange Rates: the 

Canadian Evidence". Journal of International Money and Finance, 14(1): 83-

104. 

Anderson, K., Lattimore, R., Lloyd, P., and MacLaren, D. (2009). Australia and New 

Zealand. In K. Anderson (Ed.), Distortions to Agricultural Incentives: A Global 

Perspective, 1955-2007 (pp. 221-256). Washington, DC: Palgrave Macmillan. 

Ang, J., and Madsen, J. (2010). "Can Second-Generation Endogenous Growth Models 

Explain the Productivity Trends and Knowledge Production in the Asian 

Miracle Economies?". Review of Economics and Statistics, 93(4): 1360-1373. 

Antecol, H., Cobb-Clark, D., and Trejo, S. (2003). "Immigration Policy and the Skills of 

Immigrants to Australia, Canada, and the United States". Journal of Human 

Resources, XXXVIII(1): 192-218. 

Apergis, N., El-Montasser, G., Sekyere, E., Ajmi, A., and Gupta, R. (2014). "Dutch 

Disease Effect of Oil Rents on Agriculture Value Added in Middle East and 

North African (MENA) Countries". Energy Economics, 45(0): 485-490. 

Arai, Y., and Kurozumi, E. (2007). "Testing for the Null Hypothesis of Cointegration 

with a Structural Break". Econometric Reviews, 26(6): 705-739. 

Arrow, K. (1962). "The Economic Implications of Learning by Doing". The Review of 

Economic Studies, 29(3): 155-173. 

Athukorala, P.-c. (2009). "The Rise of China and East Asian Export Performance: Is the 

Crowding-Out Fear Warranted?". The World Economy, 32(2): 234-266. 



339 
 

Aussie dollar. (2012). Financial Times, London, 12 May 2012, p. 24. 

Australian Government. (2014a). Our country. About Australia.  Retrieved 9 April, 

2014, from http://www.australia.gov.au/about-australia/our-country 

Australian Government. (2014b). 2002-2007, the Millennium Drought. Natural 

Disasters in Australia, 25 June 2014.  Retrieved 15 October, 2014, from 

http://australia.gov.au/about-australia/australian-story/natural-disasters 

Auty, R. (1994). “Industrial Policy Reform in Six Large newly industrialized countries: 

The resource curse thesis”. World Development, 22(1): 11-26. 

Awokuse, T. (2003). "Is the Export-Led Growth Hypothesis Valid for Canada?". 

Canadian Journal of Economics/Revue canadienne d'economique, 36(1): 126-

136. 

Awokuse, T. (2008). "Trade Openness and Economic Growth: Is Growth Export-led or 

Import-led?". Applied Economics, 40(2): 161-173. 

Awokuse, T., and Christopoulos, D. (2009). "Nonlinear Dynamics and the Exports-

Output Growth Nexus". Economic Modelling, 26(1): 184-190. 

Bajada, C., and Trayler, R. (2010). How Australia Survived the Global Financial Crises. 

In B. Gup (Ed.), The Financial and Economic Crises: An International 

Perspective (pp. 139). Cheltenham: Edward Elgar Publishing. 

Balaguer, J., and Cantavella-Jordá, M. (2004). "Structural Change in Exports and 

Economic Growth: Cointegration and Causality Analysis for Spain (1961-

2000)". Applied Economics, 36(5): 473-477. 

Balassa, B. (1964). "The Purchasing-Power Parity Doctrine: A Reappraisal". Journal of 

Political Economy, 72(6): 584-596. 

Balcilar, M., and Ozdemir, Z. (2013). "The Export-Output Growth Nexus in Japan: A 

Bootstrap Rolling Window Approach". Empirical Economics, 44(2): 639-660. 

Baldwin, J., and Caves, R. (1997). International Competition and Industrial 

Performance: Allocative Efficiency, Productive Efficiency, and Turbulence, 

Statistics Canada Research Paper No. 108, Analytical Studies Branch, Statistics 

Canada. 

Balke, N., and Fomby, T. (1997). “Threshold Cointegration”. International Economic 

Review, 38(3): 627-645. 

Banks, G. (2005). "Structural Reform Australian-Style: Lessons for Others?". Paper 

presented at the IMF, World Bank and OECD, Australian Productivity 

http://www.australia.gov.au/about-australia/our-country
http://australia.gov.au/about-australia/australian-story/natural-disasters


340 
 

Commission, Melbourne, May 2005. http://www.pc.gov.au/news-and-

media/chairmans-speeches/gary-banks/cs20050601 

Banks, G. (2011). "Australia’s Mining Boom: What’s the Problem?". Paper presented at 

The Melbourne Institute and The Australian Economic and Social Outlook 

Conference, 30 June.  

Battellino, R. (2010). "Mining Booms and the Australian Economy". RBA 

Bulletin(March), 63-69. 

Battese, G., and Coelli, T. (1995). "A Model for Technical Inefficiency Effects in a 

Stochastic Frontier Production Function for Panel Data". Empirical Economics, 

20(2): 325-332. 

Battese, G., and Corra, G. (1977). "Estimation of a Production Frontier Model: With 

Application to the Pastoral Zone of Eastern Australia". Australian Journal of 

Agricultural Economics, 21(3): 169-179. 

Beine, M., Bos, C., and Coulombe, S. (2012). "Does the Canadian Economy Suffer 

from Dutch Disease?". Resource and Energy Economics, 34(4): 468-492. 

Beine, M., Coulombe, S., and Vermeulen, W. N. (2014). "Dutch Disease and the 

Mitigation Effect of Migration: Evidence from Canadian Provinces". The 

Economic Journal. 

Benigno, G., and Thoenissen, C. (2008). "Consumption and Real Exchange Rates with 

Incomplete Markets and Non-traded Goods". Journal of International Money 

and Finance, 27(6): 926-948. 

Benjamin, N., Devarajan, S., and Weiner, R. (1989). "The ‘Dutch’ Disease in a 

Developing Country: Oil Reserves in Cameroon". Journal of Development 

Economics, 30(1): 71-92. 

Blundell-Wignall, A., and Gregory, R. (1990). "Exchange Rate Policy in Advanced 

Commodity Exporting Countries: Australia and New Zealand". In V. Argy and 

P. de Grauwe (Eds.), Choosing an Exchange Rate Regime: The Challenge for 

Smaller Industrial Countries (pp. 224-271). Washington, DC: International 

Monetary Fund. 

Bodman, P. (1996). "On Export-Led Growth in Australia and Canada: Cointegration, 

Causality and Structural Stability". Australian Economic Papers, 35(67): 282-

300. 

Boltho, A. (1996). "Was Japanese Growth Export-Led?". Oxford Economic Papers, 

http://www.pc.gov.au/news-and-media/chairmans-speeches/gary-banks/cs20050601
http://www.pc.gov.au/news-and-media/chairmans-speeches/gary-banks/cs20050601


341 
 

48(2): 415-432. 

Borjas, G. (1991). Immigration and Self-Selection. In J. Abowd and R. Freeman (Eds.), 

Immigration, Trade and the Labor Market (pp. 29-76). Chicago: University of 

Chicago Press. 

Brain, P. (2012). The Mining Boom in Context. National Economic Review, Melbourne, 

November 2012, 1-18. 

Breusch, T. (1978). "Testing for Autocorrelation in Dynamic Linear Models". 

Australian Economic Papers, 17(31): 334-355. 

Breusch, T., and Pagan, A. (1979). "A Simple Test for Heteroscedasticity and Random 

Coefficient Variation". Econometrica, 47(5): 1287-1294. 

Brown, R., Durbin, J., and Evans, J. (1975). "Techniques for Testing the Constancy of 

Regression Relationships over Time". Journal of the Royal Statistical Society. 

Series B (Methodological), 37(2): 149-192. 

Bureau of Meteorology. (2015). Drought. Climate Glossary. Retrieved 5 February, 

2015, from http://www.bom.gov.au/climate/glossary/drought.shtml 

Cass, D. (1965). "Optimum Growth in an Aggregative Model of Capital Accumulation". 

The Review of Economic Studies, 32(3): 233-240. 

Caves, R. (1985). "International Trade and Industrial Organization: Problems, Solved 

and Unsolved". European Economic Review, 28(3): 377-395. 

Chao, C.-C., Hazari, B., Laffargue, J.-P., Sgro, P., and Yu, E. (2006). "Tourism, Dutch 

Disease and Welfare in an Open Dynamic Economy". Japanese Economic 

Review, 57(4): 501-515. 

Chuang, Y.-C. (1998). "Learning by Doing, the Technology Gap, and Growth". 

International Economic Review, 39(3): 697-721. 

CIA. (2013). Australia, The World Factbook. Central Intelligence Agency, Washington, 

DC, April 2013. 

Clean Energy Regulator. (2014, 18 July 2014). Carbon Pricing Mechanism Repeal. 

Carbon Pricing Mechanism. Retrieved 27 January, 2015, from http://www. 

cleanenergyregulator.gov.au/Carbon-Pricing-Mechanism/Carbon-pricing-

mechanism-repeal/Pages/default.aspx 

Cobb, C., and Douglas, P. (1928). "A Theory of Production". The American Economic 

Review, 18(1): 139-165. 

Colin, B. (2006). Exports Add to GDP Growth, AAP Bulletin Wire, Sydney, 5 

http://www.bom.gov.au/climate/glossary/drought.shtml


342 
 

December 2006, p. 1. Retrieved from http://search.proquest.com.libraryproxy. 

griffith.edu.au/docview/455483825?accountid=14543 

Comin, D. (2006). Total Factor Productivity. An Eponymous Dictionary of Economics: 

Elgar Publishers, Ltd. 

Connolly, E., and Orsmond, D. (2011). The Mining Industry: From Bust to Boom, 

Research Discussion Paper 2011-08, Economic Analysis Department, Reserve 

Bank of Australia. 

Corden, M. (1984). "Booming Sector and Dutch Disease Economics: Survey and 

Consolidation". Oxford Economic Papers, 36(3): 359-380. 

Corden, M. (2012). "Dutch Disease in Australia: Policy Options for a Three-Speed 

Economy". Australian Economic Review, 45(3): 290-304. 

Corden, M., and Neary, J. (1982). "Booming Sector and De-Industrialisation in a Small 

Open Economy". The Economic Journal, 92(368): 825-848. 

Crinò, R., and Epifani, P. (2012). "Productivity, Quality and Export Behaviour". The 

Economic Journal, 122(565): 1206-1243. 

Cuaresma, J., and Wörz, J. (2005). "On Export Composition and Growth". Review of 

World Economics, 141(1): 33-49. 

Cumo, C. (2014). Dutch Disease. In X. Li and M. Molina (Eds.), Oil: A Cultural and 

Geographic Encyclopedia of Black Gold (Vol. 1, pp. 72-74). Santa Barbara: 

ABC-CLIO. 

Dash, R. (2009). "Revisited Export-Led Growth Hypothesis: An Empirical Study on 

India". South Asia Economic Journal, 10(2): 305-324. 

Davis, G. (1995). "Learning to Love the Dutch Disease: Evidence from the Mineral 

Economies". World Development, 23(10): 1765-1779. 

Davis, G., and Tilton, J. (2005). “The Resource Curse”. Natural Resources Forum, 

29(3): 233-242. 

Department of Agriculture. (2014a). Quarantine in Australia. Biosecurity in Australia 

Quarantine in Australia, 19 Nov 2014.  Retrieved 23 January, 2015, from 

http://www.agriculture.gov.au/biosecurity/quarantine  

Department of Agriculture. (2014b). Importing Food to Australia. Biosecurity in 

Australia Importing Food to Australia, 13 Nov 2014.  Retrieved 22 January, 

2015, from http://www.agriculture.gov.au/biosecurity/import/food 

Department of the Environment. (2014). Repealing the Carbon Tax. Climate Change.  

http://www.agriculture.gov.au/biosecurity/quarantine
http://www.agriculture.gov.au/biosecurity/import/food


343 
 

Retrieved 27 January, 2015, from http://www.environment.gov.au/climate-

change/repealing-carbon-tax 

Department of Treasury Western Australia. (2014). Manufacturing, The Structure of the 

Western Australian Economy (pp. 23-26). Perth: Government of Western 

Australia. 

DFAT. (2013). Australia's Trade by State and Territory 2012-13. Canberra: Economic 

Diplomacy, Trade Advocacy and Statistics Section, Department of Foreign 

Affairs and Trade. 

DFAT. (2014). Trade and Economic Fact Sheets for Countries and Regions. Economic 

Diplomacy, Trade Advocacy and Statistics Section, Department of Foreign 

Affairs and Trade, Canberra, December 2014. 

Dickey, D., and Fuller, W. (1979). "Distribution of the Estimators for Autoregressive 

Time Series With a Unit Root". Journal of the American Statistical Association, 

74(366): 427-431. 

Diks, C., and Panchenko, V. (2006). “A New Statistic and Practical Guidelines for 

Nonparametric Granger Causality Testing”. Journal of Economic Dynamics and 

Control, 30(9-10): 1647-1669. 

Dobrynskaya, V., and Turkisch, E. (2010). "Economic Diversification and Dutch 

Disease in Russia". Post-Communist Economies, 22(3): 283-302. 

Domar, E. (1946). "Capital Expansion, Rate of Growth, and Employment". 

Econometrica, 14(2): 137-147. 

Doraisami, A. (1996). "Export Growth and Economic Growth: A Reexamination of 

Some Time-Series Evidence of the Malaysian Experience". The Journal of 

Developing Areas, 30(2): 223-230. 

Downes, P., Hanslow, K., and Tulip, P. (2014). The Effect of the Mining Boom on the 

Australian Economy, Research Discussion Paper 2014-08, Economic Analysis 

Department, Reserve Bank of Australia. 

Dubé, J., and Polèse, M. (2014). "Resource Curse and Regional Development: Does 

Dutch Disease Apply to Local Economies? Evidence from Canada". Growth and 

Change, 46(1): 38-57. 

Duffy, A. (2011). Boom Delivers Pay Bonanza to Mining States. Australian Mining, 

Melbourne, November 2011. 

Dülger, F., Lopcu, K., Burgaç, A., and Ballı, E. (2013). "Is Russia Suffering from Dutch 

http://www.environment.gov.au/climate-change/repealing-carbon-tax
http://www.environment.gov.au/climate-change/repealing-carbon-tax


344 
 

Disease? Cointegration with Structural Break". Resources Policy, 38(4): 605-

612. 

Dungey, M., Fry-McKibbin, R., and Linehan, V. (2013). "Chinese Resource Demand 

and the Natural Resource Supplier". Applied Economics, 46(2): 167-178. 

Dunlap, T. (1999). Nature and the English Diaspora: Environment and History in the 

United States, Canada, Australia, and New Zealand. Cambridge: Cambridge 

University Press. 

Dwyer, L., Pham, T., Jago, L., Bailey, G., and Marshall, J. (2014). "Modeling the 

Impact of Australia’s Mining Boom on Tourism: A Classic Case of Dutch 

Disease". Journal of Travel Research. 

Egan, M. L., and Mody, A. (1992). "Buyer-Seller Links in Export Development". World 

Development, 20(3): 321-334. 

Égert, B. (2005a). "Equilibrium Exchange Rates in South Eastern Europe, Russia, 

Ukraine and Turkey: Healthy or (Dutch) Diseased?". Economic Systems, 29(2): 

205-241. 

Égert, B. (2005b). "The Balassa-Samuelson Hypothesis in Estonia: Oil Shale, Tradable 

Goods, Regulated Prices and Other Culprits". The World Economy, 28(2): 259-

286. 

Egert, B., and Leonard, C. (2008). "Dutch Disease Scare in Kazakhstan: Is it Real?". 

Open Economies Review, 19(2): 147-165. 

Eichengreen, B. (2007). "The Real Exchange Rate and Economic Growth". Social and 

Economic Studies, 56(4): 7-20. 

Eichengreen, B., Rhee, Y., and Tong, H. (2007). "China and the Exports of Other Asian 

Countries". Review of World Economics, 143(2): 201-226. 

Enders, W., and Siklos, P. (2001). “Cointegration and Threshold Adjustment”. Journal 

of Business and Economic Statistics, 19(2): 166-176. 

Engle, R., and Granger, C. (1987). "Co-Integration and Error Correction: 

Representation, Estimation, and Testing". Econometrica, 55(2): 251-276. 

Fabrycy, M. (1971). "Determinants of Total Factor Productivity". Economic Inquiry, 

9(4): 408-418. 

Fardmanesh, M. (1990). "Terms of Trade Shocks and Structural Adjustment in a Small 

Open Economy: Dutch Disease and Oil Price Increases". Journal of 

Development Economics, 34(1-2): 339-353. 



345 
 

Fardmanesh, M. (1991). "Dutch Disease Economics and the Oil Syndrome: An 

Empirical Study". World Development, 19(6): 711-717. 

Feder, G. (1983). "On Exports and Economic Growth". Journal of Development 

Economics, 12(1-2): 59-73. 

Felipe, J., and Lim, J. (2005). "Export or Domestic-Led Growth in Asia?". Asian 

Development Review, 22(2): 35-75. 

Forsyth, P., Dwyer, L., and Spurr, R. (2014). "Is Australian Tourism Suffering Dutch 

Disease?". Annals of Tourism Research, 46(0): 1-15. 

Fountas, S. (2000). "Some Evidence on the Export-Led Growth Hypothesis for Ireland". 

Applied Economics Letters, 7(4): 211-214. 

Funk, M., and Strauss, J. (2000). "The Long-Run Relationship Between Productivity 

and Capital". Economics Letters, 69(2): 213-217. 

Galbraith, J. (1988). "Let's Try Export-Led Growth". Challenge, 31(3): 37-41. 

Garnaut, R. (2012). "The Contemporary China Resources Boom". Australian Journal of 

Agricultural and Resource Economics, 56(2): 222-243. 

Garnett, A. (2012). "The Effect of the Resources Boom on the Population and Labour 

Market of Western Australia". Economic Papers: A Journal of Applied 

Economics and Policy, 31(1): 63-75. 

Garton, P. (2008). The Resources Boom and the Two-Speed Economy, Economic 

Roundup (p. 17). Canberra: Domestic Economy Division, Australian Treasury. 

Geoscience Australia. (2010, 18 November 2010). Area of Australia - States and 

Territories. Department of Resources, Energy and Tourism, Commonwealth of 

Australia. Retrieved 28 September, 2012, from http://www.ga.gov.au/ 

education/geoscience-basics/dimensions/area-of-australia-states-and-

territories.html 

Geoscience Australia. (2014a). Geoscience Portal. Department of Resources, Energy 

and Tourism, Commonwealth of Australia. Retrieved 3 May, 2015 from 

http://www.geoscience.gov.au/ 

Geoscience Australia. (2014b). Australia's Identified Mineral Resources 2013. 

Canberra: Geoscience Australia. 

Ghatak, S., and Price, S. (1997). "Export Composition and Economic Growth: 

Cointegration and Causality Evidence for India". Weltwirtschaftliches Archiv, 

133(3): 538-553. 

http://www.ga.gov.au/%20education/geoscience-basics/dimensions/area-of-australia-states-and-territories.html
http://www.ga.gov.au/%20education/geoscience-basics/dimensions/area-of-australia-states-and-territories.html
http://www.ga.gov.au/%20education/geoscience-basics/dimensions/area-of-australia-states-and-territories.html
http://www.geoscience.gov.au/


346 
 

Ghatak, S., Milner, C., and Utkulu, U. (1997). "Exports, Export Composition and 

Growth: Cointegration and Causality Evidence for Malaysia". Applied 

Economics, 29(2): 213-223. 

Giles, D., Giles, J., and McCann, E. (1992). "Causality, Unit Roots and Export-Led 

Growth: the New Zealand Experience". The Journal of International Trade and 

Economic Development: An International and Comparative Review, 1: 195-218. 

Giles, J., and Williams, C. (2000). "Export-Led Growth: A Survey of the Empirical 

Literature and Some Noncausality Results. Part 1". The Journal of International 

Trade and Economic Development: An International and Comparative Review, 

9(3): 261-337. 

Glasure, Y., and Lee, A.-R. (1999). "The Export-Led Growth Hypothesis: The Role of 

the Exchange Rate, Money, and Government Expenditure from Korea". Atlantic 

Economic Journal, 27(3): 260-272. 

Glynn, J. (2011). World News: Mining Investment Boom Spurs Australia Growth, Wall 

Street Journal, Brussels, 8 December 2011, p. 13. Retrieved from http://search. 

proquest.com.libraryproxy.griffith.edu.au/docview/909151999?accountid=1454

3 

Godfrey, L. (1978). "Testing Against General Autoregressive and Moving Average 

Error Models when the Regressors Include Lagged Dependent Variables". 

Econometrica, 46(6): 1293-1301. 

Granger, C. (1969). "Investigating Causal Relations by Econometric Models and Cross-

spectral Methods". Econometrica, 37(3): 424-438. 

Gregory, A., and Hansen, B. (1996a). "Residual-Based Tests for Cointegration in 

Models with Regime Shifts". Journal of Econometrics, 70(1): 99-126. 

Gregory, A., and Hansen, B. (1996b). "Practitioners Corner: Tests for Cointegration in 

Models with Regime and Trend Shifts". Oxford Bulletin of Economics and 

Statistics, 58(3): 555-560. 

Grossman, G., and Helpman, E. (1991). "Endogenous Product Cycles". The Economic 

Journal, 101(408): 1214-1229. 

Gruen, D., and Wilkinson, J. (1994). "Australia's Real Exchange Rate – Is it Explained 

by the Terms of Trade or by Real Interest Differentials?". Economic Record, 

70(209): 204-219. 

Gruen, D., and Stevens, G. (2000). "Australian Macroeconomic Performance and 



347 
 

Policies in the 1990s". Paper presented at The Australian Economy in the 1990s, 

Reserve Bank of Australia, Sydney, 24-25 July. http://www.rba.gov.au/ 

publications/confs/2000/pdf/conf-vol-2000.pdf 

Hajkowicz, S., Heyenga, S., and Moffat, K. (2011). "The Relationship Between Mining 

and Socio-Economic Well Being in Australia’s Regions". Resources Policy, 

36(1): 30-38. 

Harkness, L. (2011). "Mining Investment Boom: A Double-Edged Sword for the 

Australian Economy". InFinance, 125(3): 35-37. 

Harrod, R. (1939). "An Essay in Dynamic Theory". The Economic Journal, 49(193): 

14-33. 

Hart, J. (2010). "Dutch Disease and the Sustainable Management of Royalty Wealth in 

Western Australia". Economic Papers: A journal of Applied Economics and 

Policy, 29(4): 421-431. 

Hasanov, F. (2013). "Dutch Disease and the Azerbaijan Economy". Communist and 

Post-Communist Studies, 46(4): 463-480. 

Hatemi-J, A. (2002). "Export Performance and Economic Growth Nexus in Japan: A 

Bootstrap Approach". Japan and the World Economy, 14(1): 25-33. 

Hatemi-J, A., and Irandoust, M. (2000). "Time-Series Evidence for Balassa’s Export-

Led Growth Hypothesis". The Journal of International Trade and Economic 

Development: An International and Comparative Review, 9(3): 355-365. 

Henriques, I., and Sadorsky, P. (1996). "Export-Led Growth or Growth-Driven 

Exports? The Canadian Case". The Canadian Journal of Economics / Revue 

canadienne d'Economique, 29(3): 540-555. 

Herzer, D., Nowak-Lehmann D, F., and Siliverstovs, B. (2006). "Export-Led Growth in 

Chile: Assessing the Role of Export Composition in Productivity Growth". The 

Developing Economies, 44(3): 306-328. 

Hiemstra, C., and Jones, J. (1994). “Testing for Linear and Nonlinear Granger Causality 

in the Stock Price-Volume Relation”. The Journal of Finance, 49(5): 1639-1664. 

Hill, R., Griffiths, W., and Lim, G. (2008a). The Dickey-Fuller Testing Procedure. 

Principles of Econometrics (pp. 325-345). Boston: John Wiley and Sons, Inc. 

Hill, R., Griffiths, W., and Lim, G. (2008b). The F-Test. Principles of Econometrics 

(pp. 135-137). Boston: John Wiley and Sons, Inc. 

Hilsenrath, J., Ng, S., and Paletta, D. (2008). Worst Crisis Since '30s, With No End Yet 

http://www.rba.gov.au/%20publications/confs/2000/pdf/conf-vol-2000.pdf
http://www.rba.gov.au/%20publications/confs/2000/pdf/conf-vol-2000.pdf


348 
 

in Sight, The Wall Street Journal, New York, 18 September 2008. Retrieved 

from http://online.wsj.com/articles/SB122169431617549947 

Horridge, M., Madden, J., and Wittwer, G. (2005). "The Impact of the 2002-2003 

Drought on Australia". Journal of Policy Modeling, 27(3): 285-308. 

Hu, A., and Jaffe, A. (2003). "Patent Citations and International Knowledge Flow: the 

Cases of Korea and Taiwan". International Journal of Industrial Organization, 

21(6): 849-880. 

Hume, N. (2012). Strong 'Aussie' Puts Damper on Mining Boom, FT.com, London, 21 

March 2012. Retrieved from http://search.proquest.com.libraryproxy.griffith. 

edu.au/docview/929510999?accountid=14543 

IHS. (2009). Three Top Economists Agree 2009 Worst Financial Crisis Since Great 

Depression; Risks Increase if Right Steps are Not Taken [Press release]. 

Retrieved from http://press.ihs.com/press-release/country-industry- 

forecasting/three-top-economists-agree-2009-worst-financial-crisis-gr 

IMF. (2014). IMF Primary Commodity Prices. The International Monetary Fund, 

Washington, D.C., January 2014. 

Iqbal, A., Siddiqi, M., and Tabassum, M. (2011). "Short and Long Run Dynamics of 

Export Composition and Economic Growth: Empirical Evidence from Pakistan". 

Interdisciplinary Journal of Contemporary Research in Business, 2(9): 446-462. 

Ismail, K. (2010). The 'Dutch Disease': Theory and Evidence from Oil-Exporting 

Countries and its Structural and Fiscal Implications, (Doctor of Philosophy), 

The Johns Hopkins University, Baltimore, Maryland. (Order no. 3440744) 

Jarque, C., and Bera, A. (1980). "Efficient Tests for Normality, Homoscedasticity and 

Serial Independence of Regression Residuals". Economics Letters, 6(3): 255-

259. 

Jin, J. (2002). "Exports and Growth: Is the Export-Led Growth Hypothesis Valid for 

Provincial Economies?". Applied Economics, 34(1): 63-76. 

Johansen, S. (1988). "Statistical Analysis of Cointegration Vectors". Journal of 

Economic Dynamics and Control, 12(2-3): 231-254. 

Johansen, S. (1991). "Estimation and Hypothesis Testing of Cointegration Vectors in 

Gaussian Vector Autoregressive Models". Econometrica, 59(6): 1551-1580. 

Johansen, S. (1995). "A Statistical Analysis of Cointegration for I(2) Variables". 

Econometric Theory, 11(1): 25-59. 

http://online.wsj.com/articles/SB122169431617549947
http://press.ihs.com/press-release/country-industry-%20forecasting/three-top-economists-agree-2009-worst-financial-crisis-gr
http://press.ihs.com/press-release/country-industry-%20forecasting/three-top-economists-agree-2009-worst-financial-crisis-gr


349 
 

Kamas, L. (1986). "Dutch Disease Economics and the Colombian Export Boom". World 

Development, 14(9): 1177-1198. 

Kavoussi, R. (1984). "Export Expansion and Economic Growth: Further Empirical 

Evidence". Journal of Development Economics, 14(1): 241-250. 

Kearns, J., and Lowe, P. (2011). "Australia’s Prosperous 2000s: Housing and the 

Mining Boom". Paper presented at The Australian Economy in the 2000s, 

Reserve Bank of Australia, Sydney, 15-16 August.  

Kejriwal, M. (2008). "Cointegration with Structural Breaks: An Application to the 

Feldstein-Horioka Puzzle". Studies in Nonlinear Dynamics and Econometrics, 

12(1): 1-37. 

Kelly, P. (2000). "The Politics of Economic Change in Australia in the 1980s and 

1990s". Paper presented at The Australian Economy in the 1990s, Reserve Bank 

of Australia, Kirribilli, 24-25 July. http://www.rba.gov.au/publications/confs/ 

2000/pdf/conf-vol-2000.pdf 

Khalafalla, K., and Webb, A. (2001). "Export-Led Growth and Structural Change: 

Evidence from Malaysia". Applied Economics, 33(13): 1703-1715. 

Kojo, N. (2014). Demystifying Dutch Disease, Policy Research Working Paper No. 

WPS6981, The World Bank. 

Kongsted, H. (2005). "Testing the Nominal-to-Real Transformation". Journal of 

Econometrics, 124(2): 205-225. 

Koopmans, T. (1965). On the Concept of Optimal Economic Growth. Study Week on 

the Econometric Approach to Development Planning. Amsterdam: North-

Holland. 

Kravis, I. (1970). "Trade as a Handmaiden of Growth: Similarities Between the 

Nineteenth and Twentieth Centuries". The Economic Journal, 80(320): 850-872. 

Krugman, P. (1987). "The Narrow Moving Band, the Dutch Disease, and the 

Competitive Consequences of Mrs. Thatcher: Notes on Trade in the Presence of 

Dynamic Scale Economies". Journal of Development Economics, 27(1-2): 41-

55. 

Kurita, T. (2013). "Modelling Time Series Data of Monetary Aggregates Using I(2) and 

I(1) Cointegration Analysis". Bulletin of Economic Research, 65(4): 372-388. 

Lal, D. (1987). "Markets, Mandarins, and Mathematicians". Cato Journal, 7: 43. 

Lal, D., and Rajapatirana, S. (1987). "Foreign trade Regimes and Economic Growth in 

http://www.rba.gov.au/publications/confs/%202000/pdf/conf-vol-2000.pdf
http://www.rba.gov.au/publications/confs/%202000/pdf/conf-vol-2000.pdf


350 
 

Developing Countries". The World Bank Research Observer, 2(2): 189-217. 

Lancaster, K. (1980). "Intra-Industry Trade under Perfect Monopolistic Competition". 

Journal of International Economics, 10(2): 151-175. 

Larminie, F., Clark, R., Rudd, J., and Tasker, M. (1987). “The History and Future of 

North Sea Oil and Gas: An Environmental Perspective [and Discussion]”. 

Philosophical Transactions of the Royal Society of London. Series B, Biological 

Sciences, 316(1181): 487-493. 

Leibenstein, H. (1966). "Allocative Efficiency vs. "X-Efficiency"". The American 

Economic Review, 56(3): 392-415. 

Li, M. (2008). The Rise of China and the Demise of the Capitalist World-Economy. 

London: Pluto Press. 

Ljungwall, C. (2006). "Export-Led Growth: Application to China's Provinces, 1978 - 

2001". Journal of Chinese Economic and Business Studies, 4(2): 109-126. 

Lowe, P. (2012). "Developments in the Mining and Non-mining Economies". Paper 

presented at the ADC Future Summit, Reserve Bank of Australia, Melbourne, 14 

May. http://www.rba.gov.au/speeches/2012/sp-dg-140512.html 

MacKinnon, J. (1996). "Numerical Distribution Functions for Unit Root and 

Cointegration Tests". Journal of Applied Econometrics, 11(6): 601-618. 

Mahadevan, R. (2009). "The Sustainability of Export-Led Growth: The Singaporean 

Experience". The Journal of Developing Areas, 43(1): 233-247. 

Makin, A., and Shaw, J. (1997). “The Ineffectiveness of Foreign Exchanges Market 

Intervention in Australia”. Asian Economies, 26: 82-96. 

Marin, D. (1992). "Is the Export-Led Growth Hypothesis Valid for Industrialized 

Countries?". The Review of Economics and Statistics, 74(4): 678-688. 

Marsh, V. (2008). Australia's Mining Boom Transforms Rich List, FT.com, London, 28 

April 2008. Retrieved from http://search.proquest.com.libraryproxy.griffith. 

edu.au/docview/229147706?accountid=14543 

Matsen, E., and Torvik, R. (2005). "Optimal Dutch Disease". Journal of Development 

Economics, 78(2): 494-515. 

McFadden, D. (1963). "Constant Elasticity of Substitution Production Functions". The 

Review of Economic Studies, 30(2): 73-83. 

McKenzie, F. (2010). Fly-In Fly-Out: The Challenges of Transient Populations in Rural 

Landscapes. In G. Luck, R. Black and D. Race (Eds.), Demographic Change in 

http://www.rba.gov.au/speeches/2012/sp-dg-140512.html


351 
 

Australia's Rural Landscapes (Vol. 12, pp. 353-374). Springer Netherlands. 

Mehlum, H., Moene, K., and Torvik, R. (2006). “Institutions and the Resource Curse”. 

The Economic Journal, 116(508): 1-20. 

Mikesell, R. (1997). "Explaining the Resource Curse, with Special Reference to 

Mineral-Exporting Countries". Resources Policy, 23(4): 191-199. 

Miller, S., and Upadhyay, M. (2000). "The Effects of Openness, Trade Orientation, and 

Human Capital on Total Factor Productivity". Journal of Development 

Economics, 63(2): 399-423. 

Mining boom reshapes nation. (2012). The Australian, Canberra, 21 June 2012, p. 1. 

Retrieved from http://search.proquest.com.libraryproxy.griffith.edu.au/docview/ 

1021160544?accountid=14543 

Mohammadi, H., and Jahan-Parvar, M. (2012). "Oil Prices and Exchange Rates in Oil-

Exporting Countries: Evidence from TAR and M-TAR Models". Journal of 

Economics and Finance, 36(3): 766-779. 

Moosa, I. (1999). "Is the Export-Led Growth Hypothesis Valid for Australia?". Applied 

Economics, 31(7): 903-906. 

Mumford, J. (2002). "Economic Issues Related to Quarantine in International Trade". 

European Review of Agricultural Economics, 29(3): 329-348. 

Nain, M., and Ahmad, W. (2010). "Export-Led Growth Hypothesis in India: Some 

Further Evidences". The IUP Journal of Monetary Economics, 8(3): 69-82. 

Narayan, P. (2005). "The Saving and Investment Nexus for China: Evidence from 

Cointegration Tests". Applied Economics, 37(17): 1979-1990. 

Nelson, C., and Plosser, C. (1982). "Trends and Random Walks in Macroeconmic Time 

Series: Some Evidence and Implications". Journal of Monetary Economics, 

10(2): 139-162. 

Newey, W., and West, K. (1987). "A Simple, Positive Semi-Definite, 

Heteroskedasticity and Autocorrelation Consistent Covariance Matrix". 

Econometrica, 55(3): 703-708. 

Newman, V., Potter, C., and Wright, M. (2011). “Foreign Exchange Market 

Intervention”. RBA Bulletin(December), 67-76. 

North, D. (1955). “Location Theory and Regional Economic Growth”. Journal of 

Political Economy, 63(3): 243-258. 

Nucci, F., and Pozzolo, A. (2001). "Investment and the Exchange Rate: An Analysis 

http://search.proquest.com.libraryproxy.griffith.edu.au/docview/%201021160544?accountid=14543
http://search.proquest.com.libraryproxy.griffith.edu.au/docview/%201021160544?accountid=14543


352 
 

with Firm-level Panel Data". European Economic Review, 45(2): 259-283. 

Nurkse, R. (1961). Trade Theory and Development Policy. In H. Ellis (Ed.), Economic 

Development of Latin America (pp. 236-246). New York: St Martin Press. 

Nyatepe-Coo, A. (1994). "Dutch Disease, Government Policy and Import Demand in 

Nigeria". Applied Economics, 26(4): 327-336. 

OECD. (2012). About the OECD. Organisation for Economic Co-operation and 

Development.  Retrieved 30 October, 2012, from http://www.oecd.org/about/ 

OECD. (2013). Evaluation of Agricultural Policies. Agricultural Policy Monitoring and 

Evaluation 2013: OECD Countries and Emerging Economies (pp. 39-69). Paris: 

OECD Publishing. 

O'Sullivan, P. (1993). "An Assessment of Ireland's Export-Led Growth Strategy via 

Foreign Direct Investment: 1960-1980". Weltwirtschaftliches Archiv, 129(1): 

139-158. 

Oxley, L. (1993). "Cointegration, Causality and Export-Led Growth in Portugal, 1865-

1985". Economics Letters, 43(2): 163-166. 

Ozturk, I., and Acaravci, A. (2010). "Testing the Export-Led Growth Hypothesis: 

Empirical Evidence from Turkey". The Journal of Developing Areas, 44(1): 

245-254. 

Panas, E., and Vamvoukas, G. (2002). "Further Evidence on the Export-Led Growth 

Hypothesis". Applied Economics Letters, 9(11): 1466-4291. 

Papyrakis, E., and Raveh, O. (2014). "An Empirical Analysis of a Regional Dutch 

Disease: The Case of Canada". Environmental and Resource Economics, 58(2): 

179-198. 

Parida, P., and Sahoo, P. (2007). "Export-Led Growth in South Asia: A Panel 

Cointegration Analysis". International Economic Journal, 21(2): 155-175. 

Parliament of Australia. (2014). Minerals Resource Rent Tax Repeal and Other 

Measures Bill 2014. Parliamentary Business.  Retrieved 27 January, 2015, from 

http://www.aph.gov.au/Parliamentary_Business/Bills_Legislation/Bills_Search_

Results/Result?bId=r5327 

Paruolo, P. (1996). "On the Determination of Integration Indices in I(2) Systems". 

Journal of Econometrics, 72(1-2): 313-356. 

Paul, S., and Chowdhury, K. (1995). "Export-Led Growth Hypothesis: Some Empirical 

Testing". Applied Economics Letters, 2(6): 177-179. 

http://www.oecd.org/about/
http://www.aph.gov.au/Parliamentary_Business/Bills_Legislation/Bills_Search_Results/Result?bId=r5327
http://www.aph.gov.au/Parliamentary_Business/Bills_Legislation/Bills_Search_Results/Result?bId=r5327


353 
 

Pegg, S. (2010). "Is There a Dutch Disease in Botswana?". Resources Policy, 35(1): 14-

19. 

Perron, P. (1989). "The Great Crash, the Oil Price Shock, and the Unit Root 

Hypothesis". Econometrica, 57(6): 1361-1401. 

Pesaran, H., and Shin, Y. (1999). An Autoregressive Distributed-Lag Modelling 

Approach to Cointegration Analysis. In S. Strøm (Ed.), Econometrics and 

Economic Theory in the 20th. Century: The Ragner Frisch Centenniel 

Symposium (pp. 371-413). Cambridge: Cambridge University Press. 

Pesaran, H., Shin, Y., and Smith, R. (2001). "Bounds Testing Approaches to the 

Analysis of Level Relationships". Journal of Applied Econometrics, 16(3): 289-

326. 

Phillips, P., and Hansen, B. (1990). "Statistical Inference in Instrumental Variables 

Regression with I(1) Processes". The Review of Economic Studies, 57(1): 99-

125. 

Phillips, P., and Xiao, Z. (1998). "A Primer on Unit Root Testing". Journal of Economic 

Surveys, 12(5): 423-470. 

Ploeg, F. (2011). "Fiscal Policy and Dutch Disease". International Economics and 

Economic Policy, 8(2): 121-138. 

Plumb, M., Kent, C., and Bishop, J. (2013). Implications for the Australian Economy of 

Strong Growth in Asia, Research Discussion Paper 2013-03, Economic Analysis 

Department, Reserve Bank of Australia. 

Productivity Commission. (2005). Trends in Australian Agriculture, Productivity 

Commission Research Paper. Canberra: Productivity Commission. 

Productivity Commission. (2009). Government Drought Support, Productivity 

Commission Inquiry Report. Melbourne: Productivity Commission. 

Radelet, S., and Sachs, J. (1998). The Onset of the East Asian Financial Crisis, Working 

Paper No. 6680, National Bureau of Economic Research. 

Rahbek, A., Christian Kongsted, H., and Jørgensen, C. (1999). "Trend Stationarity in 

the I(2) Cointegration Model". Journal of Econometrics, 90(2): 265-289. 

Ramos, F. (2001). "Exports, Imports, and Economic Growth in Portugal: Evidence from 

Causality and Cointegration Analysis". Economic Modelling, 18(4): 613-623. 

Ramsey, F. (1928). "A Mathematical Theory of Saving". The Economic Journal, 

38(152): 543-559. 



354 
 

Ramsey, J. (1969). "Tests for Specification Errors in Classical Linear Least-Squares 

Regression Analysis". Journal of the Royal Statistical Society. Series B 

(Methodological), 31(2): 350-371. 

Ramsey, J. (1974). Classical Model Selection Through Specification Error Tests. In P. 

Zarembka (Ed.), Frontiers in Econometrics (pp. 13-47). New York: Academic 

Press. 

Rasiah, R., Vinanchiarachi, J., and Vadakkepat, P. (2014). "Catching-Up from Way 

Behind: How Timor-Leste Can Avoid the Dutch Disease?". Institutions and 

Economies (formerly known as International Journal of Institutions and 

Economies), 6(1): 119-148. 

RBA. (2001). “Measuring the Real Exchange Rate”. RBA Bulletin(November), 70-73. 

RBA. (2012). Australian Dollar TWI. The Australian Economy and Financial Markets 

Chart Pack, Reserve Bank of Australia, Sydney, September 2012. 

RBA. (2013). Real Exchange Rates Measures. Reserve Bank of Australia, Sydney, 

September 2013. 

Rivera-Batiz, L., and Romer, P. (1991). "International Trade with Endogenous 

Technological Change". European Economic Review, 35(4): 971-1001. 

Rodrik, D. (2008). "The Real Exchange Rate and Economic Growth". Brookings Papers 

on Economic Activity, 2008(2): 365-412. 

Rogers, J., and Siklos, P. (2003). “Foreign exchange market intervention in two small 

open economies: the Canadian and Australian experience”. Journal of 

International Money and Finance, 22(3): 393-416. 

Romer, P. (1986). "Increasing Returns and Long-Run Growth". Journal of Political 

Economy, 94(5): 1002-1037. 

Romer, P. (1994). "The Origins of Endogenous Growth". The Journal of Economic 

Perspectives, 8(1): 3-22. 

Ross, M. (1999). “The Political Economy of the Resource Curse”. World Politics, 51: 

297-322. 

Rosser, A. (2006). The Political Economy of the Resource Curse: A Literature Survey, 

IDS Working Paper 268, Institute of Development Studies, University of 

Sussex. 

Rostow, W. (1961). The Stages of Economic Growth: A Non-Communist Manifesto. 

Cambridge: Cambridge University Press. 



355 
 

Rudd, D. (1996). "An Empirical Analysis of Dutch Disease: Developing and Developed 

Countries", (Honors Projects), Illinois Wesleyan University, Bloomington, 

Illinois. 

Ruehle, A., and Kulkarni, K. (2011). "Dutch Disease and the Chilean Copper Boom - 

An Empirical Analysis". International Journal of Education Economics and 

Development, 2(1): 61-80. 

Sachs, J., and Warner, A. (1999). “The Big Push, Natural Resource Booms and 

Growth”. Journal of Development Economics, 59(1): 43-76. 

Said, S., and Dickey, D. (1984). "Testing for Unit Roots in Autoregressive-Moving 

Average Models of Unknown Order". Biometrika, 71(3): 599-607. 

Samuelson, P. (1964). "Theoretical Notes on Trade Problems". The Review of 

Economics and Statistics, 46(2): 145-154. 

Sanderson, B., Quilkey, J., and Freebairn, J. (1980). "Supply Response of Australian 

Wheat Growers". Australian Journal of Agricultural Economics, 24(2): 129-140. 

Sato, K. (1967). "A Two-Level Constant-Elasticity-of-Substitution Production 

Function". The Review of Economic Studies, 34(2): 201-218. 

Schwarz, G. (1978). "Estimating the Dimension of a Model". The Annals of Statistics, 

6(2): 461-464. 

Scott, M. (1976). "Investment and Growth". Oxford Economic Papers, 28(3): 317-363. 

Shan, J., and Sun, F. (1998). "Export-Led Growth Hypothesis for Australia: An 

Empirical Reinvestigation". Applied Economics Letters, 5(7): 423-428. 

Siliverstovs, B., and Herzer, D. (2006). "Export-led Growth Hypothesis: Evidence for 

Chile". Applied Economics Letters, 13(5): 319–324. 

Solow, R. (1956). "A Contribution to the Theory of Economic Growth". The Quarterly 

Journal of Economics, 70(1): 65-94. 

Soumaila, I. (2014). "Uranium Sales and Economic Well-Being in Niger: Is There 

“Dutch Disease”?". International Journal of Economics and Finance, 6(4): 88-

102. 

Stevens, G. (2013). The Australian Dollar: Thirty Years of Floating, Speech to the 

Australian Business Economists' Annual Dinner, Reserve Bank of Australia, 

Sydney, 21 November. 

Stigler, G. (1951). "The Division of Labor is Limited by the Extent of the Market". 

Journal of Political Economy, 59(3): 185-193. 



356 
 

Stiglitz, J. (1996). "Some Lessons from the East Asian Miracle". The World Bank 

Research Observer, 11(2): 151-177. 

Stijns, J.-P. (2003). An Empirical Test of the Dutch Disease Hypothesis Using a Gravity 

Model of Trade. Paper presented at The 2003 Congress of the EEA, Stockholm, 

20-24 August. 

Stock, J., and Watson, M. (1993). "A Simple Estimator of Cointegrating Vectors in 

Higher Order Integrated Systems". Econometrica, 61(4): 783-820. 

Stock, J., and Yogo, M. (2005). Testing for Weak Instruments in Linear IV Regression. 

In D. Andrews and J. Stock (Eds.), Identification and Inference for Econometric 

Models: Essays in Honor of Thomas Rothenberg (pp. 80-108). Cambridge: 

Cambridge University Press. 

Sun, H., and Parikh, A. (2001). "Exports, Inward Foreign Direct Investment (FDI) and 

Regional Economic Growth in China". Regional Studies, 35(3): 187-196. 

Tang, C., Lai, Y., and Ozturk, I. (2015). "How Stable is the Export-led Growth 

Hypothesis? Evidence from Asia's Four Little Dragons". Economic Modelling, 

44: 229-235. 

The Dutch Disease. (1977). The Economist, London, 26 November 1977, 82-83. 

The Steel Index. (2014). Iron Ore Monthly Price - US Dollars per Dry Metric Ton.  

Retrieved 15 April, 2014, from IndexMundi http://www.indexmundi.com/ 

commodities/?commodity=iron-ore 

Tinbergen, J. (1963). "Shaping the World Economy". The International Executive, 5(1): 

27-30. 

Toda, H., and Yamamoto, T. (1995). "Statistical Inference in Vector Autoregressions 

with Possibly Integrated Processes". Journal of Econometrics, 66(1-2): 225-250. 

Tra, M. (2011). As the Aussie Dollar Rises, Manufacturing Falls. Manufacturers' 

Monthly, Sydney, April 2011. 

Tufte, D. (1998). "CATS in RATS: Cointegration Analysis of Time Series: Version 

1.01". Journal of Applied Econometrics, 13(3): 321-330. 

U.S. Bureau of Labor Statistics. (2014). Consumer Price Indexes (CPI). Division of 

Consumer Prices and Price Indexes, United States Department of Labor, 

Washington, DC, March 2014. 

U.S. Census Bureau. (2013). Win X-13, X-13ARIMA-SEATS Seasonal Adjustment 

Program. Washington, DC: Statistical Research Division, United States Census 

http://www.indexmundi.com/%20commodities/?commodity=iron-ore
http://www.indexmundi.com/%20commodities/?commodity=iron-ore


357 
 

Bureau. 

United Nations. (2013). Historical Data 1900-1960 on International Merchandise Trade 

Statistics.  Retrieved 14 May, 2013, from United Nations Statistics Division 

http://unstats.un.org/unsd/trade/imts/historical_data.htm 

Vincent, D., Dixon, P., and Powell, A. (1980). "The Estimation of Supply Response in 

Australian Agriculture: The Cresh/Creth Production System". International 

Economic Review, 21(1): 221-242. 

Waring, P., and Lewer, J. (2013). "The Global Financial Crisis, Employment Relations 

and the Labour Market in Singapore and Australia". Asia Pacific Business 

Review, 19(2): 217-229. 

Williams, T. (2012). "Exploration and the Listed Resource Sector". RBA 

Bulletin(September), 37-42. 

Wittwer, G., and Griffith, M. (2011). "Modelling Drought and Recovery in the Southern 

Murray-Darling Basin". Australian Journal of Agricultural and Resource 

Economics, 55(3): 342-359. 

World Bank. (1987). World Development Report 1987, (p. 92). New York: The World 

Bank. 

World Bank. (2014). World Development Indicators. The World Bank, Washington, 

DC, November 2014. 

WTO. (2014). International Trade Statistics 2014, The World Economy and Trade in 

2013 and Early 2014 (pp. 34-36). Geneva: The World Trade Organization. 

Yaghmaian, B. (1994). "An Empirical Investigation of Exports, Development, and 

Growth in Developing Countries: Challenging the Neoclassical Theory of 

Export-Led Growth". World Development, 22(12): 1977-1995. 

Young, A. (1928). "Increasing Returns and Economic Progress". The Economic 

Journal, 38(152): 527-542. 

Zhang, Y., Garcia-Quiles, V., and Thelen, N. (2015). "Riding the Commodity 

Rollercoaster: Natural Resource Management in the Context of Increasing 

Commodity Price Volatility". Comparative Economic Studies, 57(2): 305-325. 

Zivot, E., and Andrews, D. (1992). "Further Evidence on the Great Crash, the Oil-Price 

Shock, and the Unit-Root Hypothesis". Journal of Business and Economic 

Statistics, 10(3): 251-270. 

 

http://unstats.un.org/unsd/trade/imts/historical_data.htm

