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Abstract 

 

 

The Australian automotive industry has moved from a high protection environment 

to an increasingly open and competitive environment. This process of liberalisation 

has posed many challenges and opportunities to the industry. The industry outcomes 

have been heavily influenced by the protective policy calculus implemented by 

successive governments. Between 1983 and 1996, the industry went through major 

structural changes, fuelled by substantial tariff reductions, with an aim of improving 

industry competitiveness and making its orientation more outward. 

 

The purpose of this study is to investigate the effect of trade liberalisation on the 

competitiveness and trade performance of the Australian automotive industry. We do 

this using data from the motor vehicle and motor vehicle part manufacturing sector 

(ANZSIC 231) and the motor vehicle manufacturing sub-sector (ANZSIC 2311), 

given the limited automotive data in the consistent format. 

 

Our analysis indicates that since the introduction of reform in 1985, the Australian 

automotive industry is being increasingly rationalised and integrated creating 

profound changes in the relationships within. While the industry appears to have 

made some gains in terms of improved competitiveness and improved trade 

orientation, it continues to face several problems, such as increased competition and 

skill shortages. Improved productivity and export performance seem to have come 

from greater competition, and an increased access to large external market and 

superior technology brought about by foreign companies. 

 

Our findings do not confirm the hypothesis that the industry’s poor TFP growth was 

the result of protectionist policies of the past. Our analysis shows the importance of 

an in depth analysis of the link between trade policy reforms and its effects on trade 

and productivity performance of the Australian automotive industry, using 

disaggregated firm-level data. This will help provide better insights into the 

relationship between trade orientation and structural change in the Australian 

automotive industry. 



 

xv 

 

The present study draws the importance of developing a better data set by the 

Australian automotive industry and the Australian government for effective policy 

analysis and formulation for the sector. 
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Chapter 1: Introduction 

 

 

1.1 Background to the Study 

 

The global automotive industry is the largest manufacturing sector in the world with 

a turnover of over $3.3 trillion (OICA, 2008).1 The Australian automotive industry,2 

the largest industry sector in Australian Manufacturing, comprises three motor 

vehicle producers (MVPs) and its supply chain. The three MVPs are GM Holden, 

Ford and Toyota. The supply chain comprises more than 230 component producing, 

tooling and servicing firms in the supply chain (DIISR, 2008). The majority of tier 

one3 suppliers are foreign-owned. Tier two and tier three suppliers are mostly 

Australian-owned. Overseas companies substantially dominate the Australian 

automotive industry at the top end; while Australian listed companies and private 

Australian companies own part of the industry at the bottom end (AC/ANU, 2003). 

The three motor vehicle manufacturers and many companies in the supply chain are 

subsidiaries of overseas parents. 

 

The Australian automotive industry employs approximately 51,000 people, which is 

about five per cent of total manufacturing workforce (AAI, 2008; ABS Catalogue 

5625). In 2008, the Australian automotive industry as a whole contributed about 20 

per cent of the total manufacturing valued added in Australia and almost 0.6 per cent 

of Australia’s gross domestic product (GDP) (DIISR, 2008). Its contribution to 

manufacturing exports is 5.4 per cent and 11.4 per cent of Australian manufacturing 

                                                 
1 
Organisation Internationale des Constructeurs d’Automobiles (OICA) also known as The 

International Organization of Motor Vehicle Manufacturers. 
2 The Australian automotive industry consists of four manufacturing sectors: vehicles, components, 
vehicle bodies and electrical and instrument works (ABS/DITR, 2004). The vast majority of the 
industry is concentrated in Victoria and South Australia, with a small share of activity based in New 
South Wales and Queensland. Mitsubishi was a vehicle producer in Australia until the end of March 
2008. It remains in the market as a vehicle importer. Almost all tier one suppliers have access to 
global technology and capital through their parental links and to the world's major markets for their 
products. The supply chain is similarly integrated with the global industry. 
3 Tier one suppliers are those automotive suppliers who directly interact with Original Equipment 
Manufacturers (OEMs) and coordinate a hierarchy of tier two and tier three suppliers lower down the 
supply chain. 
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imports consists of passenger motor vehicle (PMV) imports (Derived from ABS 

2010 and AAI 2010 data). 

 

Since the 1950s, the Australian automotive industry, in particular, the Australian 

PMV industry (APMVI) has been receiving special and transitional assistance from 

the Commonwealth and State governments of Australia in addition to tariff and non-

tariff protection. These protective measures have heavily influenced the industry 

outcomes. The Australian automotive industry’s competitiveness is considered 

important because of its flow-on effect on the Australian economy. In recent years, 

the industry has become a major exporter and innovator, and has improved the 

quality of its products. The Australian automotive industry is one of the country’s 

largest export industries with exports to the value of over $5 billion.4 Nearly one half 

of the 300,000 passenger motor vehicles (PMVs) manufactured in Australia in 2007 

were exported, which increased from 101,000 PMVs in 2000 (AAIYB, 2010). 

 

In an attempt to make the sector competitive and internationally oriented, it went 

through major structural changes between 1983 and 1996, fuelled by substantial 

tariff reductions. The tariff rate declined from 57.5 per cent in 1978 to 15 per cent in 

2000, 10 per cent in 2005. This is expected to further decline to five per cent by the 

end of 2010. The policy of declining industry protection was aimed at improving 

competitiveness while making it more export-oriented so that this industry sector 

becomes sustainable and viable in future given the small size of the Australian 

domestic market. 

 

1.2 Statement of the Problem and Purpose of the Study 

 

The industry has now moved from a highly protected environment to an increasingly 

open and competitive regime.5 To make the transition to a more liberal and 

competitive regime smooth, the government has provided the industry with several 

assistance measures (see Chapter 3 for a more detail discussion on this). 

                                                 

4 Exports comprised motor vehicles valued at $3.22 billion and automotive components valued at 
$1.85 billion. 
5 In this study, outward orientation, global integration, trade reforms and industry reforms are used 
synonymously. 
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While the industry appears to be increasingly competitive and its trade performance 

appears to have improved, it faces several problems arising from growing 

competition. Despite this, to the best of our knowledge, there have not been any 

systematic studies that investigate the effects of global integration on the productivity 

and trade performance of the Australian automotive industry. The purpose of this 

study is to investigate how increased openness has affected the total factor 

productivity (TFP) and trade orientation (export orientation and import penetration) 

of the Australian automotive industry. This understanding is crucial for making the 

sector viable in the longer term. 

 

Given the availability of data in the consistent format, the study focuses on the whole 

Australian automotive industry sector as represented by the Australian Bureau of 

Statistics (ABS) code ANZSIC 231 (motor vehicle and motor vehicle part 

manufacturing) sector. In addition, we also investigate the experience of one 

important sub-sector within the Australian automotive industry, which is motor 

vehicle industry as represented by the ABS code ANZSIC 23116 (motor vehicle 

manufacturing) sub-sector. ABS classification is provided in Appendix 1. The 

investigation of the experiences of the motor vehicle manufacturing sub-sector is 

important because it has undergone major reforms in terms of reduction in tariffs and 

non-tariff barriers (NTB). 

 

1.3 Research Objectives 

 

The objective of this study is to examine whether significant relationships existed 

between automotive industry reforms and automotive industry outcomes in terms of 

competitiveness and trade performance. In particular, the study investigates the 

effects of reforms on TFP growth and trade orientation (i.e., export orientation and 

import penetration) using data for the ANZSIC 231 sector and the ANZSIC 2311 

sub-sector. As mentioned earlier, the selection of the ANZSIC 231 sector and 

                                                 

6 ANZSIC 231 encompasses within it ANZSIC 2311 (motor vehicle manufacturing), ANZSIC 2312 
(motor vehicle body and trailer manufacturing), ANZSIC 2313 (automotive electrical component 
manufacturing and ANZSIC 2319 (other motor vehicle parts manufacturing). 
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ANZSIC 2311 sub-sector is guided by the availability of data in the consistent 

format. Motor vehicle classifications and definitions are provided in Appendix 2. 

 

More specifically, the main objectives of this study are to explore the following: 

 

(i) In moving away from a highly protected environment towards an increasingly 

open and competitive environment, how have the structure of the ANZSIC 

231 sector and the ANZSIC 2311 sub-sector changed? 

(ii) Do significant relationships exist between liberalisation reforms and the TFP 

growth in the ANZSIC 231 sector and the ANZSIC 2311 sub-sector? 

(iii) Do significant relationships exist between liberalisation reforms and trade 

orientation (export intensity and import penetration) in the ANZSIC 231 

sector and the ANZSIC 2311 sub-sector? 

 

1.4 Significance of the Study 

 

The industry has been the subject of many surveys and studies; however, the direct 

focus has not been on the effects of reforms on competitiveness and trade orientation. 

The empirical studies7 investigating the factors contributing to improving 

competitiveness of the Australian automotive industry are limited and they are 

mainly descriptive. There have not been any systematic empirical studies that 

investigate the effects of trade reforms on trade and productivity performance of the 

Australian automotive industry. See Appendix 3 for OECD guidance on productivity 

measurement. 

 

The industry stakeholders are concerned with and the government is particularly 

sensitive8 to the spectrum of issues that affected the recent industry downturn.9 It is 

in this context that this study contributes to understanding the nature of the effects of 

                                                 
7 These studies will be discussed in detail in literature review. 
8 The industry faced significant international competition in the 1990s. It was looking for more 
protection while the Government was promoting trade reforms. Any major downward shift in 
employment due to business failure was and is considered politically sensitive. 
9 Among the commonly attributed causes for the current downturn are rising Australian dollar and 
costs of inputs, pressures for cost reduction, industry overcapacity, small local market and economies 
of scale, limited skills pool, and the emergence of competition. 
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liberalisation on the Australian automotive industry from 1962 to the period ending 

in 2008. The knowledge gained could be utilised for addressing those issues 

identified in the industry’s transition from protectionism to free trade. This study will 

also contribute to extending knowledge on and providing grounds for improving the 

competitiveness of the Australian automotive industry by enhancing productivity and 

exports growth. This thesis is organised as follows. 

 

Chapter 1 outlines the objectives and significance of the study. Chapter 2 presents an 

analytical framework and a critical review of the literature. This provides the basis 

for the models and hypotheses developed in Chapters 4 and 5. Chapter 3 documents 

the past and current trends in the Australian automotive industry. In doing so, we 

analyse how industry has changed over the years and how reforms that have taken 

place since 1980s may have affected its growth and performance. Chapter 4 

delineates sources of data, models and hypotheses, analyses, interprets the 

productivity performance and presents the determinants of productivity in the 

Australian automotive industry. Chapter 5 investigates trade orientation of the 

ANZSIC 231 sector and the ANZSIC 2311 sub-sector and reports their determinants. 

Chapter 6 summarises the key findings, outlines policy implications of this study and 

provide directions for future research. 
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Chapter 2: Analytical Framework and Literature Review 

 

 

2.1 Introduction 

 

The purpose of this chapter is twofold: first, to present an analytical framework to 

understand how trade liberalisation may affect productivity and trade orientation; and 

second, to discuss the literature investigating the effects of trade liberalisation on 

efficiency and trade performance in general and the Australian automotive industry 

in particular. This chapter is organised as follows: Section 2.2 discusses theoretical 

literature on the effects of liberalisation on industry competitiveness and trade 

performance and Section 2.3 presents a critical review of the literature. The chapter 

concludes in Section 2.4. 

 

2.2 Analytical Framework 

 

In many countries, import protection through tariff and non-tariff barriers (NTBs) 

has been used to promote manufacturing industries. While both tariff and NTBs lead 

to rent-seeking activities, on efficiency ground tariffs are considered much better 

than NTBs. Tariffs permit competition over time as domestic prices reflect 

movements in world prices, while quantitative restrictions do not reflect such 

movements. Quantitative restrictions also lead to monopoly profits. Protection 

provides political leadership the means to tax consumers indirectly. This approach is 

politically more attractive in financing development through imposing quantitative 

restrictions on imports. 

 

High level of protection not only appreciates the real exchange rate but also operates 

as a tax on exports, which in turn leads to lower exports. Declining exports limits 

foreign exchange earnings, leading to the restrictions in imports of intermediate 

inputs and capital goods. This can contribute to lower levels of production, exports 

and hence poor productivity performance (Wacziarg & Welch, 2008; Rodríguez, 

2007; Rodríguez & Rodrik, 2001). 
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NTBs can also promote black marketing of imported goods. Resources are shifted 

away from productive activities towards unproductive profit-seeking activities.10 

Excessive inventories are needed to overcome production hold ups as delays occur in 

obtaining import licences and due to numerous regulation changes. Handling lengthy 

licensing and custom formalities and the bribing of officials would require more 

employees. Protection from external competition could generate excessive profits, 

which would lead to managerial inefficiency.11 

 

The small domestic market is not favourable for large-scale production and efficient 

utilisation of resources. Therefore, in an environment of protection, productivity 

growth will be lower, as argued by Madsen (2008), Tokarick (2006) and Edwards 

(1998). Intra-sectoral flow-on effects due to the more efficient and productive 

characteristics of multinational enterprises (MNEs) may also be limited in a highly 

protected environment. As Dunning (1993) has demonstrated, in an open and more 

liberal environment, MNEs positively contribute to efficiency in the host economies. 

On the other hand, it has been pointed out that protection can encourage foreign 

direct investment (FDI) by MNEs to circumvent trade barriers in importing nations 

(Dodge 2006). 

 

Experiences from many developing countries show that a protective environment 

also leads to activities such as tariff evasion, under-invoicing imports and importing 

more than the approved quantity (Bhagwati, 1982). Clearly, a protective environment 

uses resources to produce profits rather than socially valued outputs. 

 

Typically, a highly protective regime attracts resources away from an export-oriented 

sector leading to a decline in exportable production. Managerial inefficiency will be 

considerable in such an environment due to lack of competition, best technology take 

up will be slow and local production will attract higher prices. The decline in 

exportable production and the higher prices for the local production will result in a 

lower level of national welfare. 

                                                 

10 See Bhagwati (1982) and Bhagwati and Srinivasan (1980). Directly unproductive profit-seeking 
activities refer to the activities which constitute ‘unproductive’ ways of making an income, in that 
entrepreneurs use resources to produce income (or profit) but with no socially valued output. 
11 Rodrik (l992) argues that a similar logic can be applied to the export-oriented strategy as well. 
Excessive profits in the export-oriented industries may lead entrepreneurs towards the 'easy life'. 
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It has become increasingly evident that protectionist policy discourages economies of 

scale and the utilisation of full production capacity. Protectionism also discourages 

the use of efficient technology, which is crucial to reduce cost and be efficient. 

Removal or reduction of such industry protection increases the exposure of industries 

to the forces of global competition and required them to restructure in order to 

become and remain competitive. 

 

There is evidence to suggest that moving away from highly protective regime 

towards an open and liberal regime leads to better economic outcome in terms of 

higher economic growth and superior export and productivity performance (Baldwin 

& Forslid, 2000; Barro & Sala-i-Martin, 2004; Wagner, 2007; Ogunleye & Ayeni, 

2008; Kasahara & Lapham, 2008). 

 

Outward-oriented regime generates several advantages over inward-oriented. 

Outward orientation provides opportunities for exporting to new markets. Especially 

when the size of the domestic market is small, outward orientation engenders the 

benefits of economies of scale. As exports expand, local industries that supply 

intermediate inputs to the exporting sector will benefit from an increased demand. 

Even if most inputs were imported, export growth would create extra demand for 

labour and services. Non-export activities will also benefit due to the technology 

introduction and diffusion and better skilled labour and management, which in turn 

lead to better productivity. Export expansion also leads to improved capacity 

utilisation by relaxing foreign exchange constraints and ensuring regular supplies of 

intermediate inputs and equipment. 

 

Outward orientation creates competition and forces local firms to take up best 

technology, thus encouraging innovation. A liberal trade regime will help absorption 

of technological innovation developed overseas by the local implementation of such 

ideas. In the societies in which people are accustomed to change, new ideas will be 

accepted more rapidly (Edwards, 1992). However, an isolated country is unlikely to 

absorb new ideas quickly. Besides, exposure to foreign firms may help improve 

management practices of local firms and skills of their labour force. 

 



 

9 

 

Though most theories suggest that productivity growth is impeded by protective 

measures, under certain conditions protection may be good for growth (Madsen, 

2008; Rodriguez & Rodrick, 2001). According to Matsuyama (1992) and Grossman 

(1991), countries that are far behind the technological frontier may be driven towards 

production of traditional goods through imports and consequently experience a lower 

growth rate. 

 

Madsen (2008) has forcefully argued that simple models relating GDP growth to 

trade liberalisation may not reveal a genuine association between growth and 

protection because in such modelling, certain conditional variables may be omitted 

and the interaction between imports and the foreign stock of technology is not taken 

into account. When the influence on productivity growth of knowledge stock growth 

and research intensity generated by imports is taken into account, it is revealed that 

liberalisation influences productivity growth. 

 

Madsen concluded that trade liberalisation 1) does not spuriously drive the positive 

relationship between imports of technology and growth and 2) can bring trade 

benefits to a country if trade is targeted at products that embody technological 

knowledge. The model simulations also suggested that increasing protection 

significantly contributed to a reduction in productivity growth. His study also found 

that the interaction between the propensity to import and research intensity 

influenced productivity growth. 

 

Rodrik (2004, 1995) argues that in theory there is no reason to believe that protection 

discourages productivity performance. In fact, it can improve efficiency by 

increasing domestic output and market share. By reducing sales of the local firm and 

decreasing incentives to invest in technological effort, import liberalisation retards 

productivity growth. He adds that the larger the market the local firm serves, the 

higher the marginal benefit of technological effort will be, because the benefit of cost 

reductions will depend on the level of output. Thus, any liberalisation that lowers 

domestic output will impair productivity growth. 

 

Rodrick (1992) also convincingly demonstrated that trade liberalisation could often 

be less effective due to market failures and barriers to entry and exit such as a 
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distorted labour market caused by the lack of appropriate skilling programs or 

regulated employment conditions. Hence, despite liberalisation, a loss-making firm 

may not exit until prices fall below average variable cost, with the exception of a 

natural exit, if they are cross-subsidised (Mukherjee, 2002; Rodriguez & Rodrik, 

2001). 

 

In the neo-classical endogenous growth models Edwards (1998), Vamvakidis (1998), 

Frankel and Romer (1999, cited in Madsen, 2008), Romer (1986) and Lucas (1988, 

cited in Yasar, 2002) have shown that trade liberalisation encourages economic 

growth by encouraging better use of resources and larger scale of production leading 

to productivity improvement. 

 

Trade liberalisation causes growth in TFP, which in turn contributes to economic 

growth, because the greater the TFP, the greater the production and exports. Outward 

orientation engenders specialisation leading to ‘static gains’ such as higher 

production and consumption and generates welfare gains. Moreover, exports 

generate ‘dynamic gains’ such as greater competition, access to superior technology 

and productivity improvement (Howitt, 2007; Howitt 2000; Grossman & Helpman, 

1993; Romer, 1994), which are more important in the long-term to sustain 

development (Krugman, 1994). The total gains produced by the combined static and 

dynamic gains from trade are much higher (Freeman, 2003; Yanikkaya, 2003; 

Havrylyshyn & Odling-Smee, 2000). 

 

Trade liberalisation leads to diffusion, transfer and adoption of technology, skills and 

knowledge. Madsen (2008) argues that while tradition considered exports as growth 

enhancing due to the positive productivity spillovers and exports, the recent 

endogenous growth literature has reoriented the growth enhancing effects of 

liberalisation from exports to imports of knowledge (Baldwin & Forslid, 2000, 

Grossman & Helpman, 1991). 

 

Knowledge spillovers may arise from interactions and discussions between different 

firms, which may become manifested in new managerial and organisational 

practices, and new or improved products or processes (Buckley et al., 2007; Egger & 

Pfaffermayr, 2004; Krugman, 1991). Economic externalities take place through the 
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creation of new markets and competition. Multinational firms can significantly 

determine such externalities for local firms. In addition, technological externalities 

take place when the output of a firm depends not only on the factors of production 

used, but also on the output and usage of inputs of other firms (Castellani & Zanfei, 

2006). 

 

One firm’s behaviour may reduce the costs of intermediate inputs used in the 

production process of other firms leading to cheaper inputs and reduced unit costs 

(Krugman, 1991; Aitken & Harrison, 1999). 

 

It is also doubted whether trade liberalisation will bring about any efficiency 

improvement due to low supply elasticities and the early stage of industrialisation. 

Due to excessive market concentration, infrastructure bottlenecks, or lack of 

institutions supply elasticities may be low. Consequently, whether trade liberalisation 

really improves productivity and efficiency is ambiguous in theory and needs to be 

examined empirically. 

 

The argument that outward orientation is successful based on greater economies of 

scale and improved productivity is plausible but empirical findings are mixed as 

discussed in the literature review (see Section 2.3). 

 

2.3 Trade Orientation and Industry Performance 

 

There are a growing number of empirical studies that investigate the relationship 

between outward orientation and industry competitiveness. Some of these studies 

have examined the effects of globalisation on the Australian industry, while others 

have examined the effects on the industries of other countries. Some of the research 

studies are country-specific; some are focused on the global industry as a whole; and 

others are comparative studies of diverse national industries. In general, these studies 

have concluded that trade restrictions (such as tariffs, subsidies and quotas) thwart 

the growth of industry owing to distortions in resource allocation away from export-

oriented industries towards domestic-oriented industries. Further, trade restrictions 
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prevent economies of scale due to the small size of domestic markets and contribute 

to inefficiency. 

 

Cross-country studies by Alesina, Spolaore and Wacziarg (2000), and Frankel and 

Romer (1999) found significant effects of trade orientation on growth and 

productivity. Trefler (2004) found tariff cuts in the Canadian and United States (US) 

industries led to increased labour productivity. In a study of Brazilian industries, 

Shor (2004) showed that tariffs on intermediate inputs have a negative effect on 

productivity. The firm-level studies by Bernard, Jensen and Schott (2006), Topalova 

(2004), Fernandes (2003), Pavcnick (2002), Krishna and Mitra (1998), and Tybout 

and Westbrook (1995) also found a positive relationship between trade liberalisation 

and firm-level productivity. 

 

2.3.1 Studies on the Australian Automotive Industry 

 

Table 2.1 outlines the studies undertaken on the Australian automotive industry. The 

first study that investigated the effects of policy reforms on the Australian 

automotive industry is the study by the Industry Commission (IC) (1997). The study 

examined (i) what emerging market factors12 have affected the Australian automotive 

industry; (ii) how a reduction in assistance has created a more competitive 

environment; and (iii) how the industry would evolve through the next decade within 

an environment of trade liberalisation. 

 

                                                 

12 These factors included rationalisation, competitiveness and barriers facing Australian exports, the 
scope for improving productivity and workplace practices, and the effect of assistance split between 
the MVPs and the supply chain. 
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Table 2.1a: Studies on the Effects of Liberalisation on Australian PMV Industry 
Time 

Period 
Author(s) Methodology Key Findings 

1997 
Industry 
Commission 
1997 

Critical theory type 
paradigmatic model and 
mixed methods and 
quantitative modelling 

• End of import quotas increased the variety of PMVs available to consumers 
• Output of the domestic automotive industry has increased 
• Market failures in the industry are not unique that would warrant special assistance 
• Tariffs have imposed a major impost on consumers and disadvantaged export 
• Reduction in tariff and government assistance significantly stimulated industry performance and made 
it more outward oriented 
• Labour productivity of the PMV producers as a group improved markedly  
• Continued tariff reductions would develop exports and more performance gains 

1998 

Clarke H, 
McCormack 
and Sunderland 
1998 

Positivistic paradigmatic 
model based on an analysis 
of quantitative data 
somewhat complemented 
with critical theory type 
using qualitative methods 

• High tariff environment encouraged industry to become inward-looking 
• Liberalisation introduced by the Button Plan may reduce barriers to exports 
• Liberalisation would expose the industry to greater international competition 
• Global excess capacity acts as a constraint to expand capacity and increase exports 
• Develop export markets to boost scale economies and increase plant volumes to benefit from this 
• Local specialisation—the key to an efficient and internationally competitive industry 

2002 
Productivity 
Commission 

Critical theory type 
paradigmatic model and 
mixed methods; 
quantitative modelling 

• Assistance to the industry is much lower than in the past and further assistance reductions would lead 
to small efficiency gains 
• Reduction in assistance contributed to industry rationalisation, encouraged a stronger focus on export 
markets and provided incentives for higher productivity 
• Tariff protection has benefited the industry, but imposes costs on consumers 
• ACIS will provide transitional support in the context of trade liberalisation rather than to inhibit 
rationalisation 
• Preferably, leave the tariff at 10 per cent until 2010 and then reduce it to 5 per cent, with no further 
reductions before 2015 
• The Australian automotive industry to continue to have access to the services designed to help 
exporters 
• Some progress has been made in reducing trade restrictions to Australian automotive exports, yet 
significant and widespread barriers remain 
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Table 2.1b: Studies on the Effects of Liberalisation on Australian PMV Industry 

2003 
Dixon P B and 
Rimmer M T 
2003 

Positivistic paradigmatic 
model based on 
quantitative methods using 
CGE modelling 

• Extra automotive growth derived would make productivity improvement 
• Growth without improvements in the use of resources did not make a contribution 
• Increased export allocations from overseas parents would make performance better 

2003 
Sanidas E and 
Jayanthakumara
n, K 2003 

Positivistic paradigmatic 
model based on 
quantitative methods using 
complementary economic 
methods 

• The Australian automotive industry has experienced a structural shift in the early 1990s 
• A sharp rise in exports, productivity, organisational innovation, imports and production as a result of 
trade reforms showed increased competitiveness 
• It can survive and grow while government support is diminished 
• Decreasing protection is associated with rising labour productivity, exports, organisational innovations, 
imports and production in the industry 
• This effect is particularly evident since 1988 
• Greater liberalisation tends to generate better performance in the industry. 

2005 
AIG, FAPM 
and KPMG 

Critical theory and 
constructivism type 
paradigmatic models and 
qualitative methods 
supplanted with statistical 
information 

• The most critical issues impeding competitiveness of the industry were overcapacity, global purchasing 
strategies of vehicle producers, labour costs, and industrial relations. 
• Out of these, the key issues were labour costs, global purchasing strategies and industrial relations. 

2005 
Wormald and 
Rennick  

Mixed methods with 
descriptive statistical 
methods used in the 
quantitative analysis 

• The Australian automotive industry is still passing through its globalisation phase and the MVP-ACP 
relationships need considerable improvement 
• To survive the industry has to go through another major transition from the 'post-Button autonomy to 
functional networked-in status' 
• A causal relationship exists between trade liberalisation and industry rationalisation 
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Table 2.1c: Studies on the Effects of Liberalisation on Australian PMV Industry 

2006 
Sanidas E and 
Jayanthakumara
n, K 2006 

Positivistic paradigmatic 
model based on 
quantitative methods using 
four time series techniques 
and the ARDL model 
supplemented with 
Johansen’s cointegration 
method and the OLS 
method 

• Trade liberalisation promotes imports, exports and labour productivity and the industry reacted to the 
increased international competition to become more efficient and competitive 
• Liberalisation stimulated export growth because of the lower barriers to export and access to 
intermediate inputs at lower prices 
• Structural breaks that took place around the end of the 1980s and the beginning of the 1990s are 
associated with tariff reductions on the industry 
• As a response to trade liberalisation, a sequence of mechanisms took place in the 1990s 
• Reduction in tariffs set the path to boost imports, then to increased competition, followed up by boost 
in productivity and exports 
• Overseas demand for Australian made PMVs will also depend on trade liberalisation as lower tariff 
will enhance their competitiveness 
• Still, complete liberalisation of the automotive industry in Australia could slow down the demand for 
Australian made PMVs 

2006 
Sanidas E and 
Jayanthakumara
n, K 2008 

Bounds-testing procedure 
based on the ARDL 
approach to cointegration 

• Automotive imports, exports and labour productivity had a substantial acceleration in the 1990s, in 
parallel with a sharp decrease in the effective rate of assistance 
• Reduction of tariffs led a sequential path, where boost in imports led to increased competition, which in 
turn boosted productivity and exports 
• Internal demand for Australian produced cars was dependent upon imports 
• Complete trade liberalisation in the Australian automotive industry could further slow the demand for 
Australian made cars 
• If Australia becomes strongly export-oriented, then the local vehicle industry can be saved 
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Table 2.1d: Studies on the Effects of Liberalisation on Australian PMV Industry 

2008 

Dixon and 
Rimmer 
(Lateral 
Economics)  

MONASH econometric 
modelling 

• Australia has a small share of many export markets 
• Therefore, the ‘terms of trade effect’ is usually small 
• When tariffs are high the effect is outweighed by the cost of tariffs 
• When tariffs are relatively low, the terms of trade effect will outweigh the resource allocation effect 
• Australia’s economy will not benefit, and would most likely to cause ‘small harm’ from further 
automotive tariff reductions 

2008 
Productivity 
Commission  

Monash Multi-Regional 
Forecasting (MMRF) 
model 

• Larger gains from successive reductions in tariffs 
• Reduction of automotive assistance will lead to net economic benefits 

2008 
The Steve 
Bracks Review  

Mixed methods with 
descriptive statistical 
methods used in the 
quantitative analysis 

• Replacing the ACIS scheme with the Automotive Transformation Scheme (ATS) 
• Supporting the industry in its research, development, design and export activities 
• Reducing tariffs to five per cent by 2010 as planned under ACIS 
• Extending transitionary industry assistance to the end of 2020 
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The study considered productivity the most important measure of industry 

performance. It discussed different measures of productivity from relatively simple 

measure of labour productivity to more comprehensive measure of TFP.13 

 

The study also examines profitability, affordability, quality and price as indicators of 

performance. The study used the MONASH CGE model to analyse the economy-

wide effects of tariff reduction. The study found that the responses of automotive 

firms to the competition created (as a result of reductions in assistance) had been 

diverse. Among these responses were investment in new Plant and Equipment (P&E) 

and Research and Development (R&D); investment in new technology, development 

of export markets to achieve economies of scale, adopting lean production principles, 

improving employee skill levels, and implementing more flexible work practices. 

The change in the level of protection had increased pressures on the industry to 

improve competitiveness, which in turn had changed the structure and activities of 

the industry. Exports had become an important activity of the industry. 

 

The IC study found that motor vehicle exports would be disadvantaged by tariffs on 

automotive components. The study also found that the Export Facilitation Scheme 

(EFS) was successful in assisting the Australian automotive industry to become more 

outward oriented. EFS has further assisted the Australian automotive industry to 

penetrate and secure export markets for Australian made automotive products. The 

IC recommended keeping EFS as an ongoing and important aspect of post-2000 

government assistance arrangements for the automotive industry. 

 

The study concluded that the Australian automotive industry will continue to be a 

small but important player in the global automotive industry. While the industry’s 

further development remained largely in its own hands, the government had an 

important role to play ‘by removing impediments to growth and providing a stable 

policy environment’ (IC, 1997, p. 297). Reductions in government assistance had 

significantly stimulated performance improvement in the Australian automotive 

                                                 

13 The OECD Productivity Manual (2001) presents theoretical foundations to productivity 
measurement, and discusses implementation and measurement issues, and briefly interpretation and 
use of the productivity measures (see Appendix 3). 
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industry, and further assistance reductions were expected to provide additional 

performance gains. 

 

Following the study by the IC (1997), Clarke, McCormack and Sunderland (1998) 

examined future economic prospects of the APMVI using ‘new trade theory’. Using 

descriptive statistics, the authors concluded that local specialisation was the key to an 

efficient and internationally competitive industry. Their results suggested that the 

high tariff environment encouraged firms to become inward-looking and produce a 

wide range of vehicles in small volumes. The 1984 Button Plan introduced industry 

rationalisation leading to fewer producers, assembly plants and models. They 

concluded that exposing local markets to international markets would increase 

competition, though global excess capacity acts as a constraint to expand capacity of 

the Australian industry and increase exports. Further, increased exports would enable 

more focused production plans and greater competitiveness. 

 

Clarke et al. (1998) suggested that the future strategic plans of Australian MVPs 

should increase plant capacities for 1) maximising scale economies; 2) producing 

multiple (related) model variants to lower the risk of uncertain demands; 3) 

identifying specific tastes in particular export markets; 4) modifying vehicles to meet 

those tastes; and 5) choosing export markets with tastes broadly similar to the 

Australian tastes. They found that increased exports would permit exploitation of 

economies of scale and hence, lead to greater competitiveness. 

 

In the early 2000, Productivity Commission (2002) undertook another significant 

study to investigate the effect of trade liberalisation on the industry’s competitiveness 

and export growth. 

 

The results indicated that a reduction in government assistance contributed to the 

rationalisation of the Australian automotive industry, promoted export and 

encouraged productivity growth. Despite significant reforms since the mid-1970s, the 

industry received above average tariff protection compared to manufacturing as a 

whole. In fact, the Australian automotive industry received greater assistance than 

any other industry sector. The study concluded that while the industry had special 

features, such as its innovativeness, production base, flexibility and strong customer 
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focus, these features did not warrant indefinite preferential treatment to the industry. 

The study recommended leaving the tariff at 10 per cent until 2010, reducing it to 

five per cent in 2010 with no further reductions prior to 2015. 

 

PC (2002) found that labour productivity in the industry had increased considerably, 

though significant further improvement is required, if it were to become 

internationally competitive and not to rely on special government assistance. 

Significant and widespread trade restrictions (both government and non-government) 

to Australia’s automotive exporters remained, though some progress had been made 

towards reducing these restrictions. The study concluded that trade liberalisation 

would improve Australian automotive exporters’ access to overseas markets. In the 

absence of readily available data, the study relied on a range of data sources such as 

the ABS, Australian Automotive Intelligence (AAI), Organization for Economic 

Cooperation and Development (OECD), company annual reports, Department of 

Industry, Science and Resources (DISR), and information provided in submissions to 

the commission. The ABS data was used extensively but required careful 

interpretation. The study removed domestically sourced service inputs from the ABS 

definition of materials, and included it in ‘value added’ (VA).14 The study cautioned 

that the rising dollar, trade barriers, economic downturns, production and investment 

decisions of overseas parents, and sourcing policies of MVPs might pose potential 

threats to the industry’s competitiveness. 

 

These findings are significant as the current industry downturn is seen to be caused 

by the very factors about which the study had cautioned. In addition, the findings 

were based on inputs from industry associations that received the ‘whole of the 

benefit’ of the government assistance and therefore, could have limited inputs from 

other automotive producers, who were not represented by industry associations. 

 

The study used econometric modelling under diverse funding scenarios over various 

timeframes, supplemented by descriptive or inferential statistical techniques to 

evaluate diverse post-2005 assistance arrangement options. One analysis was made 

using the MONASH model and another using the MM 600+ model to see the 

                                                 
14 The rationale behind was that these service inputs were themselves primarily value added and hence 
it is difficult to tell how the benefits of assistance would be divided between these two activities. 
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sensitivity of the results. In the MONASH model, annual effects of each scenario 

were examined under various assumptions on the rate of introducing policy changes. 

The MM 600+ model viewed a long-run snapshot of each policy option when fully 

implemented and when all subsequent economic adjustments had been in place.15 

 

Neither model allowed for the possibility that MVPs would better position 

themselves for assistance reductions by finding product and process innovations to 

generate productivity improvements. The exclusion of such effects would have 

understated the benefits of assistance reductions to the industry. The models also did 

not allow for the possibility that rationalisation of MVPs could increase throughput 

for individual firms, thereby generating productivity improvements via greater 

economies of scale. However, such effects were incorporated in the evaluation of the 

potential impacts of Mitsubishi’s cessation of manufacturing operations in Australia. 

 

The modelling of proposed policy changes showed unambiguous effects on the 

industry. An examination of various forms of national economic impacts showed that 

the gains to Australia from unilaterally reducing PMV tariffs to five per cent would 

be very small. Both lower import prices (with tariff cuts) and higher prices of local 

production (with Automotive Competitiveness and Investment Scheme [ACIS] cuts) 

induced more imports and lower domestic sales of locally produced PMVs and 

components. The final result showed lower PMV output and employment than 

otherwise. Thus, within the models, assistance reductions can generate economy-

wide gains due to allocative efficiency gains and resource base gains of the economy, 

and terms of trade losses. The net outcome depended on the strength of the opposing 

effects. 

 

Dixon and Rimmer (2003) examined the Australian automotive industry’s 

contributions to the Australian economy by applying an alternative measuring 

approach. They conceptualised that in the long-term, an industry’s contribution 

should be measured by the industry’s enhanced ability to improve its own 

productivity. In computable general equilibrium (CGE) modelling,16 the researchers 

                                                 

15 The MM 600+ model allowed separate examination of the effects on MVPs and the supply chain. 
16 Which could provide responses to questions on the effects of technology change and other factors 
affecting industry performance. 
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used simulations carried out with the national version of the MONASH model.17 The 

study assessed the contribution the Australian automotive industry would make 

through increased productivity, increased product attractiveness to Australian 

consumers and increased exports. In the simulations, it was assumed that the industry 

would achieve additional multifactor productivity (MFP) gains18 in the next five 

years, that shocks to the industry would not make any difference to the real public 

consumption and that there would be no compensative19 adjustments in tax rates. 

 

The first simulation was first carried out for each separate scenario. In the next 

simulation, all three scenarios were made to occur simultaneously, though this 

yielded no real result. Then, they imposed a shock in a single year assuming that 

overseas parents will allow Australian subsidiaries to increase their exports to 

generate a sufficient and immediate increase in output. The assumptions that extra 

exports were achievable without significant increases in capital inputs or of non-

production workers affected the results of the study. A new variable, public sector 

deficit as a percentage of GDP was introduced to test the relationship that 

improvements in resources use led to higher productivity. Unless the industry’s 

potential economic contributions were linked to policies, they would not directly 

assist policy discussions. Extra automotive exports growth derived over the next five 

years would make positive productivity contributions.20  

 

The data secured for the study applied to the whole industry, but the study did not 

indicate the sources of data used in the study. The quantitative analysis procedures 

used were limited to CGE modelling applications with the MONASH model, which 

seemed appropriate. There was no qualitative analysis involved as the simulations 

dealt with only forecasts. Yet the study satisfactorily responded to the research 

questions raised and the research methodology adopted appeared adequate. 

                                                 

17 MONASH is a detailed dynamic CGE model of Australia with both national (Dixon & Rimmer, 
2002) and multi-regional (Naqvi & Peter, 1996; Adams et al., 2000) versions. 
18 The industry would be able to produce any given level of output with less of all inputs than were 
needed in the base level forecasts. 
19 To compensate for changes in tax revenue and outlays associated with changes in the level of 
economic activity. 
20 In terms of a long-run increase in real GDP, extra employment, a long-run increase in real 
household consumption, a long-run increase in the average real wage rate, a long-run improvement in 
the terms of trade, and a sustained improvement in the government's budgetary position raising the 
possibility of reduced tax rates. 
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A case study based report was conducted by Wormald and Rennick (2005), 

commissioned by the Federation of Automotive Product Manufacturers (FAPM). It 

noted that due to the process of globalisation, Australia’s position in the global 

industry has become insecure. 

 

The researchers found that while the relationship between motor vehicle producers 

and component producers need considerable improvement, for the industry to survive 

it has to go through another major transition from the ‘post-Button autonomy to 

functional networked-in status’. 

A Networked-In positioning should be possible for Australia. The world 
automotive industry's journey towards globalisation is far from over. Structures 
are far from fully defined or finalised. A Networked-In position is not some kind 
of immovable monolith, it is not about trying to preserve a complete national 
industry, against all comers. It is the sum of individual strategies and 
adaptations. There is no notion of overall critical mass although there are some 
critical functions which need to stay on-shore (Wormald and Rennick, 2005, p. 
79). 

 

The study used descriptive statistical methods rather than any modelling tool. It 

asserted that the Australian automotive component producers (ACPs) have to 

redefine their role and strategy pro-actively for survival by broadening their customer 

and supply bases as appropriate. It also demonstrated a causal relationship between 

globalisation and rationalisation within the Australian automotive industry leading to 

conditions that have critically affected it. 

 

Based on the descriptive analysis, the study recommended that the Australian 

automotive industry, as a whole, should consciously and synergistically pull together 

in handling challenges such as ‘national technology development, the appropriate use 

of ACIS, the … critical issue of industrial relations, and making the Australian 

industry more visible abroad’ (Wormald and Rennick, 2005, p.81). A major 

limitation of this study was that its results were based on a descriptive analysis. 

 

In 2005, another study was conducted by the Australian Industry Group (AIG), the 

FAPM and KPMG Australia to investigate the issues confronted by the Victorian 

automotive component industry. The study used a literature review, a survey and 
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case study interviews as its methodology. It assessed industry competitiveness based 

on labour productivity alone. Results suggested that several factors affected the 

industry’s competitiveness. These included the relatively small size of the domestic 

market, the emergence of low production cost countries that compounded global 

oversupply, rapid appreciation of the Australian dollar, and further reduction of the 

federal government assistance. 

 

The study surveyed 70 component suppliers, conducted 30 interviews with company 

executives and concluded that labour costs, global purchasing strategies and 

industrial relations as the key issues impeding industry competitiveness. Their 

findings included greater level of government assistance through the continuation of 

ACIS for establishing export markets, and for R&D. 

 

Scholarly literature on the effects of liberalisation on the Australian automotive 

industry is extremely limited. To the best of our knowledge, the study by Sanidas and 

Jayanthakumaran (2003) was the first study that investigated, in an econometric 

framework, the effects of trade reforms on the performance of the APMVI. Based on 

the co-integration analysis, they examined the relationship between production, 

labour productivity, exports, protection and organisational innovations. In their 

modelling exercise, they incorporated an appropriate lag structure with a causation 

effect. 

 

The authors used two complementary econometric methods both related to time-

series data to test the two hypotheses that 1) decreasing protection had a significant 

positive effect on production, imports, exports, labour productivity and 

organisational innovations, and 2) this effect was particularly evident since 1988. In 

testing hypothesis one, co-integration analysis was used to establish long-term trends 

between the key variables in four equations21 between 1968 and 2002, with the main 

focus on determining long-term trends by establishing significant co-integrating 

vectors, while the Chow test was used to discern structural shifts for testing 

hypothesis two. 

 

                                                 
21 The four equations were for production, exports, imports, and labour productivity. 
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Their study was based on time series data obtained from Australian Automotive 

Intelligence 2001 that were cross-checked with the ABS data and corrected 

appropriately. Estimates of effective and nominal protection rates and tariff rates 

were obtained from the IC. Exports and imports data were from Automotive Key 

Statistics, the ABS (prior to 1984) and the State of the Australian Automotive 

Industry reports. Exchange rates, GDP and deflators were obtained from the various 

issues of the Bulletin of the Reserve Bank of Australia (RBA). 

 

The study used data relating to the whole of the Australian automotive industry based 

on 33 years of observations, which was representative of the whole population. Still, 

the relatively small sample size of available data would have affected the results. No 

variables representing government interventions were used in their study, but other 

variables such as the price of exports, nominal tariffs and inventories to turnover 

ratio would have affected the outcomes of the study. If it were feasible, the inclusion 

of a price variable, a protection or liberalisation variable, and an efficiency variable 

would have been appropriate for achieving a better outcome. 

 

Labour productivity22 provided ease of measurement and readability. Yet, this 

measure is partial and could be misinterpreted as labour productivity could increase 

due to technical change, capital inputs, or improved individual performance of the 

labour force. The inventories to turnover ratio was used as the proxy variable that 

represented organisational innovations.23 A negative association between the 

inventories ratio with productivity and exports was expected. As the Australian 

automotive industry was more exposed to foreign competition, higher imports were 

expected to generate higher labour productivity, exports and production. 

 

In quantitative research, because of the possibility of spurious relationships, 

correlation does not imply causation. However, the researchers took ample care to 

verify any errors using several statistical analytical procedures. For the production 

equation, the price variable was significant and the standard errors were asymptotic, 

as usually assumed of large samples. The sample available was relatively small, and 

the use of time series of relatively short size and with a negative coefficient, 

                                                 
22 Measured using the number of PMVs manufactured per worker. 
23 Lean production system reduces inventories to sales ratio over time. 



 

25 

 

especially for co-integration analysis, may have some effect on their results. Hence, 

the results must be interpreted with care. 

 

For the exports equation, the price variable was significant and had an expected 

negative sign. Their results suggest that the lower the export price, the higher the 

demand was for exports indicating industry competitiveness. The liberalisation 

variable was also highly significant and had an expected negative sign, suggesting a 

lower level of industry protection and increasing export competitiveness. The proxy 

for efficiency was also significant and found to be positive. The exogenous variable 

exchange rate was negative but not significant. Hence, the lower the tariffs, the 

higher the demand was for exports of Australian made PMVs. Both hypotheses were 

thus confirmed. 

 

For the imports equation, the price variable was significant and negative. The 

exogenous variable GDP was significant and positive. Following the increased 

competition from overseas due to trade liberalisation, the imports also grew. Other 

factors could have caused the sudden rise in exports, such as reductions in tariffs in 

the importing countries. However, mainly due to lack of data, Sanidas and 

Jayanthakumaran (2003) did not take into account this factor in their export model. 

For the labour productivity equation, the small sample did not permit estimation of 

co-integrating vectors. The price variable was significant and had an expected 

negative sign. The liberalisation or protection variable proxy for imports was also 

highly significant and had an expected positive sign. The tariff variable was found to 

be either insignificant or often had the wrong sign. 

 

The findings of the study are well supported by the prior findings. Previous studies 

also found that the Button Car Plan initiated in 1985 generated rationalisation by 

promoting a minimum viable scale of operation, productivity, quality, exports and 

lowering real prices in PMVs (Owens, 1995; Conlon & Perkins, 1995, cited in 

Sanidas & Jayanthakumaran, 2003) and that falling protection had driven out high 

cost plants (Fleischmann & Prentice, 2001, cited in Sanidas & Jayanthakumaran, 

2003). 
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In another scholarly paper, Sanidas and Jayanthakumaran (2006) examined the effect 

of trade liberalisation on APMVI, particularly, reduction in tariffs on imports, 

exports, productivity, and internal demand between 1968 and 2003.24 Their study in 

2003 examined the effects of trade liberalisation using cointegration analysis and the 

Chow test to test hypotheses while in their 2006 study they appraised the impact of 

trade liberalisation using various models such as the bounds-testing procedure based 

on the AutoRegressive Distributed Lag (ARDL) approach. The purpose of the 2006 

study was to investigate how liberalisation has affected the industry and to examine 

evidence for the existence of structural breaks25 that seemed to have occurred around 

the end of the 1980s and the beginning of the 1990s. Empirical data indicated that the 

1990s saw substantial acceleration in imports, exports and labour productivity. 

 

The study analysed time series data using quantitative methods such as descriptive or 

inferential statistical techniques based on econometric theory and structural breaks. 

Empirical relationships and associations between variables were studied using four 

mathematical models and statistical methods. The study postulated that reduction of 

barriers to international trade would generate greater industrial efficiency, boost 

competition and increase trade volume. It assumed relative delays in the reaction of 

variables and proposed a schema of reactions where imports reacted first, then 

productivity, and next exports. 

 

The response to the question whether the four mathematical models were applicable 

simultaneously or not depended on the lag structure inherent in the models. Hence, 

they were contemplated on a step-by-step determination of the key variables. They 

used a Seemingly Unrelated Regression Equations (SURE) model based on relatively 

small sample size of data based on 35 years of observations. The research design 

incorporated several models to minimise any error. 

 

Data obtained from the Australian Automotive Intelligence 2002 were cross-checked 

with data from the ABS and Industry Science Resources (ISR) from 1986 to 2003. 

To assure data consistency, estimates were used for some variables. The ARDL 

                                                 

24 2003 was used for forecasting purposes only. 
25 A ‘structural break’ is defined as a break in the slope of the trend of the series that can be explained 
by appropriate variables. 
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model estimation was supplemented with two more econometric techniques, 

Johansen’s co-integration method and the Ordinary Least Squares (OLS) method to 

verify the overall result. Yet, the sample used was relatively small, and the time 

series used was of relatively short size. These factors may have affected their results. 

Hence, the results must be interpreted with care. 

 

The finding that productivity increases with reduction of protection was supported by 

the findings of several previous studies of Kirkpatrick and Maharaj (1992), Chand 

(1999), Bloch and McDonald (2002), Mahadevan (2002) and Sanidas & 

Jayanthakumaran (2003). The finding that falling protection in the Australian PMV 

industry improved its performance in terms of productivity and exports was also 

supported by the previous findings of Fleischmann and Prentice (2001), and Dixon 

and Rimmer (2004). The finding of a schema of reactions where imports reacted 

first, then productivity, and then exports was supported by the previous findings by 

Jayanthakumaran (2004) and Weiss (1999). 

 

The finding that the offshore demand for Australian made vehicles ‘will depend also 

directly on the process of liberalization of trade in Australia’ (Sanidas & 

Jayanthakumaran, 2006, p.8) supported the previous finding of Santos-Paulino and 

Thirlwall (2004). The paper of Sanidas and Jayanthakumaran (2006) concluded that 

liberalisation stimulated not only imports but also export growth because of the 

lower barriers to export and access to intermediate inputs at lower prices. 

 

In a scholarly paper, Sanidas and Jayanthakumaran (2008) once again examined the 

consequences of trade liberalisation on APMVI. Based on the results of a literature 

review on the relationship between trade liberalisation, trade flows and productivity 

in the Australian automotive industry, they examined whether 1) there is a sequence 

of reactions between all the variables involved and 2) there are any lags as to the 

reaction of trade flows and productivity as a response top trade liberalisation. 

 

In this study, they wished to reconfirm: 1) the positive impact of trade liberalisation 

on trade flows and productivity; 2) the sequence of reaction by the relevant variables; 

and 3) the existence of precise lags of these reactions. Nevertheless, the sample size 
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of available data was relatively small and the authors used the bounds-testing 

procedure based on the ARDL approach to cointegration. 

 

The study found that automotive imports, exports and labour productivity had a 

substantial acceleration in the 1990s, in parallel with a sharp decrease in the effective 

rate of assistance. The study concluded that the reduction of tariffs led a sequential 

path, where boost in imports led to increased competition, which in turn boosted 

productivity and exports. The internal demand for Australian produced cars was 

dependent upon imports. 

 

They found that their results were compatible with the findings of Truette and Truett 

(1997), Riemens (2002), Tcha and Kuriyama (2003), and Dixon and Rimmer (2004). 

They also determined periods of lag between tariff reductions and imports, between 

exports and productivity changes, and between internal demand and imports. They 

concluded that these schemas of lags are plausible in light of the delayed effect of the 

increase in competition and the entailed organisational and technical improvements 

on trade flows and internal demand. 

 

They went on to predict that 1) a complete trade liberalisation in the Australian 

automotive industry could further slow the demand for Australian made cars despite 

the gain in efficiency and export market access achieved by the industry and 2) the 

future does not look bright given the small size of the Australian market and the 

intense competition of the neighbouring Asian countries. Based on their exports and 

labour productivity analysis they concluded that if Australia becomes strongly 

export-oriented, then the local vehicle industry can be saved and will prosper. 

 

Another government study of the Australian automotive industry (the Bracks 

Review, see Appendix 4) was carried out in 2008 by the Hon Steve Bracks 

supported by an expert panel.26 This study examined the key outcomes of ACIS 

and the Scheme’s impact on the automotive industry sub-sectors in Australia. 

                                                 

26 Comprising: Mr Tim Harcourt (Chief Economist, Australian Trade Commission); Mr Peter Upton 
(former CEO, Federation of Automotive Products Manufacturers); Dr Elizabeth Webster (Principal 
Research Fellow, Melbourne Institute of Applied Economic and Social Research); and Mr Nixon 
Apple (Industry and Investment Policy Adviser, ACTU). 
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The Bracks Review also assessed the appropriateness and effect of proposed 

tariff reductions under ACIS on Australia’s international trade obligations. It 

also explored the possibility of retargeting ACIS assistance and developing 

alternative assistance mechanisms. Heavy emphasis was also placed on the 

long-term viability and sustainability of the Australian automotive industry. 

 

This review was based on consultations with the industry stakeholders, public 

submissions, an econometric modelling exercise to examine future automotive 

assistance options (conducted by the Productivity Commission), environmental 

obligations, competitive pressures, industry restructuring, and statistics on 

innovation, R&D, spillover effects, skills deficit, market access and labour 

productivity. 

 

The Bracks Review made recommendations including: replacing ACIS with a 

new Automotive Transformation Scheme (ATS), placing emphasis on 

supporting the industry’s R&D, design and export activities; reducing tariffs to 

five per cent by 2010 as planned under ACIS; and extending transitionary 

industry assistance until the end of 2020. This study did not use econometric 

analysis of determinants in the process of its examination of the industry. 

 

In its modelling study to assist the Bracks Review, the government separately 

requested the Productivity Commission to conduct an econometric modelling 

exercise in 2008. They employed Monash Multi-Regional Forecasting (MMRF) 

model27 that reflected liberalisation of the Australian economy and the resulting rapid 

capital flow responses to changes in rate of return. The Commission also conducted 

sensitivity and decomposition simulations to highlight the role of various 

assumptions made in the model and to illustrate the short-term effects of changes in 

automotive assistance. 

 

This study also took upon the conclusions of another study conducted by Lateral 

Economics, authored by Dixon and Rimmer in 2008. Further, it incorporated 

econometric modelling exercises conducted at the Centre of Policy Studies. The 

                                                 
27 A multi-regional, dynamic CGE model. 
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study of Lateral Economics contended that current tariff levels should be retained 

without further reductions, as efficiency gains from further tariff reductions would 

outweigh the terms of trade effect. In contrast, the Productivity Commission (2008) 

concluded that reduction of automotive assistance would lead to net economic 

benefits to Australia. 

 

Bucifal et al. (2009) studied the Australian government policy of trade liberalisation 

towards the Australian automotive industry. They found that Australian automotive 

industry may have benefited from increased production and expanded trade achieved 

through efficiency gains made by the industry. The process of trade liberalisation is 

far from complete, which is evident from the industry’s comparatively low 

productivity, its comparatively high tariff rate, and the increased incidence and 

quantum of government assistance to the industry. 

 

Their study demonstrates that Australian MVPs are provided with ample government 

assistance while trade is being liberalised. The Australian automotive industry seems 

to continue to rely on government assistance for its survival and growth, rather than 

relying on its comparative advantage. The researchers conclude that while these 

assistance measures may be required to secure employment and business interests, 

the dilemma between liberalisation and protection in the long-term would distort 

benefits achievable through trade liberalisation. 
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Table 2.2a: Studies on the Economic Performance of Overseas Automotive Industry 

Time 
Period 

Author(s) Methodology Key Findings 

1950–
1987 

Lieberman, Lau 
and Williams 
1990 

Convergent lines of 
inquiry on firm-level 
performance based on 
average annual growth 
rates of labour, capital and 
TFP and three alternative 
estimation methods: index 
numbers based on income 
shares, index numbers 
based on cost shares, and 
econometric estimation in 
the form of Cobb-Douglas 
production function with 
neutral technological 
change. 

• Productivity gains mainly due to more efficient utilisation of labour 
• Long-term growth in capital productivity was mostly close to zero 
• The Japanese attained significant labour productivity gains over their US rivals 
• More recently large productivity gains for US vehicle producers and a slowing of productivity growth 
for Japanese producers 
• The early post-war Japanese growth derived partly from attainment of scale economies, but largely 
exhausted by the mid-1960s 
• Adoption of just-in-time manufacturing systems appears to have contributed to more recent 
productivity gains 
.• Statistically significant findings relate to the effects of managerial succession for all companies except 
Toyota 
• Changes in top management followed by significant shifts in the level and growth rate of TFP 

1960–
1985 

Howes C 1991 

An index number 
procedure derived from 
translog functional form of 
the production function 

• The Japanese industry was critically dependent on exports, but lost its competitiveness, at least in 
North America 
• Erosion of Japanese export markets occurred with a huge expansion of production capacity 
• Until the early 1970s productivity growth in Japanese firms lagged the growth in US firms, though by 
1983 Japanese firms were more productive than US firms 
• The Japanese productivity growth was due to an aggregate saving of capital, labour, and material inputs 
• The US productivity growth was due to savings in labour inputs 
• Effective use of intermediate inputs was due to higher organisational capabilities in Japanese firms 
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Table 2.2b: Studies on the Economic Performance of Overseas Automotive Industry 

1998 
Vasilash G S 
1997 

A benchmarking exercise 
across about 40 out of 160 
assembly plants in North 
America every year 

• Direct labour as a percentage to vehicle price contributed less than the indirect labour percentage 
• In the Japanese-owned plants, indirect labour was less and much more cross-functional than in most US 
facilities 
• The US owned plants were becoming more competitive on direct labour compared with the Japanese-
owned plants, but not on indirect labour 
• Productivity figures cannot be considered separately because deficiencies in other functions also 
affected production. 
• Any automotive producer without a competitive product, a competitive workforce, and a competitive 
level of quality will not survive 
• The difference between the North American and Japanese automotive firms lied in the process of value 
adding 
• ‘Simplification and commonisation’, the two related aspects of DFA could always assist in productivity 
improvement 

1979–
1992 

Yang J 1997 

The Cobb-Douglas 
production function as the 
conceptual framework and 
used a mixture of firm-
specific variables, and 
industry aggregate 
variables and a nonlinear 
estimation of the CBS 
production function 

• R&D provided the strongest positive impact on TFP growth and suggested increasing returns 
• The most relevant variables that contributed to the value added were labour and real capital stock, not 
profitability or the relative exchange rate 
• The probability of not exporting falls as labour increased 
• Higher capital stock implied the probability of exports rising 
• Firms with lower profitability had lower probability of exporting 
• A firm’s willingness to export and its competitive market structure led to positive gains on the firm-
level output; however, the volume of exports and imports apparently did not have a significant impact on 
the firm's value added or on the TFP of the industry 
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Table 2.2c: Studies on the Economic Performance of Overseas Automotive Industry 

1990–
1995 

Okamoto Y and 
Sjöholm F 2000 

Systems approach to 
examine productivity 
performance dynamics of 
different automotive 
industry sub-sectors and 
the mathematical 
conceptual framework of 
Baily, Hulten and Campbel 
(1992) to examine TFP 
growth, which was 
determined by examining 
the contributions made by 
stayers, entrants, and exits 

• InAI had undergone structural changes; the relative shares of the supply chain has increased while 
those of the vehicle producer decreased 
• Except for the output and TFP growth rates of the supply chain, all sub-sectors had undergone negative 
growth rates 
• Real wage rates had increased for all automotive producers and the price competitiveness had eroded 
• Exports were low and the import ratios declined substantially among the vehicle producers, while in the 
supply chain these ratios increased 
• The negative growth was recorded by the exits, positive growth by the entrants and little improvement 
or deterioration by the stayers 
• Foreign firms introduced new technology, management and market information and these firms were 
bigger in size and more productive than their local counterparts 
• Local firms would have found the technology too difficult to grasp, and the protectionist policies of the 
Indonesian government would have fostered inefficiency 

1987–
1997 

Yasar M 2002 

Inferential statistical 
techniques to measure 
plant-level productivity 
and examine 1) influence 
of resource allocations and 
plant entry and exit on 
productivity changes, 2) 
plant productivity profiles 
relative to their 
technological and 
employment capabilities 
and 3) the relationship 
between exports and 
productivity 

• Prior market experience of the plant was a factor that impacted on the existing level of productivity 
• A bidirectional causal relationship between exports and productivity both in the short-term and in the 
long-term 
• Exporting firms were more productive than the rest and the extent of their learning by exporting were 
different 
• Improving plant productivity led to export expansion 
• Industry-level productivity came from resource reallocations towards more productive firms and the 
efficient export sector 
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Table 2.2d: Studies on the Economic Performance of Overseas Automotive Industry 

1985–
1998 

Lee K 2002 
A five-variable Lag-
Augmented VAR model to 
test hypotheses 

• The motor vehicle and transport equipment industry and the non-metallic mineral products industry 
supported the export-led growth hypothesis and showed unidirectional causality from export to 
productivity 
• Nevertheless, certain industries showed unidirectional causality from productivity to exports, some 
showed bi-directional causality and still others an indeterminate direction of causality 
• Specific policy development for each industry was better than across-the-board industry policy 
development 
• Promotion of export behaviour was not always the path to economic growth in every industry 

1979–
1991 

Chung W, 
Mitchell W and 
Yeung B 2003 

A multi-factor average 
production function 
including Cobb Douglas 
production function to test 
hypotheses 

• Direct investment by Japanese assemblers was associated with overall productivity improvement in the 
US auto component industry 
• Little evidence of direct technology transfer from Japanese assemblers to US firms 
• Productivity growth of US suppliers affiliated with Japanese assemblers was no greater than the 
productivity growth of non-affiliated US suppliers 
• Increased competitive pressure in the auto sector was the main cause for the overall productivity 
growth in the US auto sector at least during the initial stages of FDI in the 1980s. 

1979–
1991 

Buckley P J, 
Clegg J, Zheng 
P, Siler P A and 
Giorgioni G 
2007 

Three statistical models 
used: POLS model, FEM 
and REM 

• Raising labour productivity associated with FDI 
• MNEs transferred capital, advanced technologies and managerial skills 
• Government policies to attract FDI contributed to productivity gains 
• Capital intensity, firm size and the quick working capital turnover equally contributed to achieving 
higher labour productivity 
• Industry sub-sectors could benefit through consolidation and growth in average firm size for achieving 
better economies of scale 
• Industry needed further opening up (leading to further structural and technological changes) for it to 
become more internationally competitive. 
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2.3.2 Studies on the Overseas Automotive Industry 

 

Table 2.2 outlines the studies on the economic performance of overseas automotive 

industry. 

 

Using the firm-level data Lieberman, Lau and Williams (1990) examined 

productivity growth in six major American and Japanese MVPs over a period from 

1950 to 1987. They used several potential determinants of productivity growth to 

investigate what determines differences in productivity performance. These included 

economies of scale and adoption of new technology and ‘just-in-time’ 

manufacturing. 

 

The researchers relied on the convergent lines of inquiry on firm-level performance, 

based on the average annual growth rates of labour, capital and TFP for each firm. 

Three alternative estimation methods, index numbers based on income shares, index 

numbers based on cost shares, and econometric estimation in the form of Cobb-

Douglas production function28 with neutral technological change was used to 

measure TFP.29 

 

The analysis entirely relied on data available in the public domain.30 Price deflators 

and data on labour hours were from government sources. Firm-level data on average 

working hours were not available when the researchers used average working hours 

to analyse labour productivity growth. Three pairs of regressions in the study were 

estimated by ordinary least squares under the maintained hypothesis of constant 

returns to scale. In each pair of regressions, the study used different sets of 

assumptions31 about the production elasticity of labour. This would have affected the 

                                                 

28 Cobb-Douglas function for production, � = � ∗ �� ∗ �� , where Y = output, L = labour input, K = 

capital input and A, α and β are constants determined by technology. 
29 Traditionally, total factor productivity (TFP) was measured as a residual, i.e., the growth of real 
output net of the growth of factor inputs. Additionally, econometric approach was also used to 
measure TFP. 
30 Mainly from the annual reports of General Motors (1950–1987), Ford (1950–1987), Chrysler 
(1950–1987), Toyota (1961–1987), Nissan (1961–1987) and Mazda (1961–1987). 
31 In one pair, the production elasticity of labour was assumed distinct for each firm, in the other, it 
was assumed identical across firms within each country, in the third, it was assumed identical across 
all six firms. 
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results of the analysis. However, tests of the constraints supported the hypothesis of 

identical production elasticities within each country but not across countries. 

 

The study employed a perpetual inventory capital adjustment equation32 to construct 

a real capital stock series for each firm, and analysed the productivity growth relating 

to development of ‘just-in-time’ manufacturing methods. The working hours data 

used were country-specific rather than firm-specific, which would have introduced a 

certain degree of error into labour input measures. For index number computations 

and Cobb-Douglas regressions, a firm’s net capital stock was multiplied by a 

capacity utilisation rate, i.e., firm's annual total sales divided by a potential output 

level obtained by connecting successive peaks in annual sales. This would not have 

been necessarily the actual case. 

 

Howes (1991) estimated MFP growth and differentials at firm level for five US and 

Japanese motor vehicle firms using an index number procedure derived from translog 

functional form of the production function. Until the early 1970s, productivity 

growth in Japanese firms lagged behind the growth in US firms. However, by 1983, 

Japanese firms had become more productive than US firms were. In Japanese firms, 

the productivity growth was due to an aggregate saving of capital, labour, and 

material inputs, while in US firms it was due to savings in labour inputs. 

 

Effective use of intermediate inputs33 was a consequence of superior organisational 

capabilities in Japanese firms. The researcher attributed the variation between studies 

in estimating differences in productivity levels mostly to differences in the data, 

rather than to differences in the correctness and sophistication of the methodologies 

used. The conclusion of the study was affected by two types of data, the choice of 

appropriate purchasing power parities, and the method used to measure relative 

output levels. 

 

                                                 

32 K
 =	 �1 − δ�K
�� + deflated	gross	investment, where gross investment is defined as the change 
in the firm's undepreciated capital stock since the preceding year, and δ is the rate of economic 
depreciation. 
33 Such as materials and other purchases. 
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However, in his review of US and Japanese automotive firms, Smitka (1993) argued 

that two fundamental shifts34 in relative competitiveness of the US automotive firms 

had affected most Japanese industries including the automotive industry. According 

to this study, the fundamental problem was that the Japanese industry was critically 

dependent on exports, and it had lost its competitiveness, at least with respect to 

North America. The researcher used exports, imports, exchange rates, demographics, 

and the increasing sophistication of the US management as indicators of 

competitiveness of the US auto industry. While the erosion of Japanese export 

markets occurred with a huge expansion of production capacity, the US aggregate 

exports were doing well. The study did not use any conceptual frameworks or testing 

hypotheses but relied on a literary review and Automotive News as its data source. 

The study seemed subjectivist and in a methodological sense dialogic. Internal 

validity and external validity of the study were not tested. 

 

Using plant level data from North American automotive industry, Vasilash (1997) 

analysed productivity performance of 160 automotive assembly plants owned by 

both Japanese and the US companies. Results indicated that in the Japanese-owned 

plants, indirect labour was less and much more cross-functional than in most US 

facilities. Based on the cost differences between the US and Japanese plants, the 

study concluded that the US owned plants were becoming more competitive on 

direct labour compared with the Japanese-owned plants, but not on indirect labour. 

Productivity figures were not isolated indices that could be considered separately 

because deficiencies in functions such as in design, engineering and marketing also 

affected production. 

 

The author warned that any automotive producer without a competitive product, a 

competitive workforce and a competitive level of quality would not survive. The 

difference between the North American and Japanese automotive firms lied in the 

process of value adding. It identified that simplification and commonisation, the two 

related aspects of design for assembly (DFA), could always assist in productivity 

improvement and would significantly affect the entire automotive industry. 

 

                                                 
34 A reformation of American manufacturing management, and the tripling of Japanese labour costs in 
US dollar terms. 
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The simplification of vehicle platforms referred in the study has its ramifications in 

the global automotive industry felt today. This has also standardised automotive 

components with effects felt immediately on the supply chain. The study stressed 

that companies had different strategies in deciding on what vehicle models to make, 

and what sourcing strategies to use for ameliorating the effects on the overall 

profitability, of which labour costs were only one factor. 

 

Yang (1997) studied the Korean automotive industry and ten other countries for the 

period 1979–1992 (including both vehicle and component producers) at firm level to 

determine whether they experienced increasing returns, and what externality factors35 

led to positive effect on the firm’s VA. As productivity improvements in the motor 

vehicle industry could not be completely attributed to increases in the quantity of 

labour and capital, the study examined other possible sources of productivity gains 

and factors that affected those gains. 

 

The author employed the Cobb-Douglas production function as the conceptual 

framework and used a mixture of firm-specific variables,36 and industry aggregate 

variables.37 The initial study used only labour and capital as inputs and real VA as 

output. The results concluded that R&D provided the strongest positive effect on 

TFP growth and suggested increasing returns.38 Yang also used a nonlinear 

estimation of the CBS production function39 to examine if another form of the 

production function could provide a significantly better result. The results justified 

using the Cobb-Douglas production function in the rest of the study. 

 

                                                 
35 Including firm-level trade, industry-level market structure, industry-level experience, and R & D 
expenditure. 
36 Such as firm's labour and capital. 
37 Such as the industry's accumulated experience, the number of firms in the industry and the industry 
output concentration ratio. 
38 In order to examine whether there was an economy of scale in KAI, the annual percentage changes 
in the industry aggregates of labour, capital and the real value added were plotted. The percentage 
changes in real value added was found to be greater than the percentage changes in labour and capital 
inputs. The greater percentage change in the real value added implied increasing returns to scale in the 
industry. 

39 Q = C�δL% 	+ 	 �1 − δ�K%�
&
'  where Q = real value added, L = labour, K = real capital stock, C = 

·scale factor’ (Constant), δ = factor share, τ = scale economy factor, ρ = (σ - 1) / σ, and σ = elasticity 
of substitution. 
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The data gathered for each firm included the number of workers, labour cost, gross 

output, total sales, VA,40 raw material costs, inventory, fixed tangible assets, and 

investment, disinvestment and depreciation of the fixed tangible assets with the 

relevant nominal values deflated by the GDP deflator to estimate the actual values. 

 

The study used variables such as labour, real capital stock, the relative exchange rate, 

a profitability factor,41 the real VA of a firm, the unweighted cumulated VA, the 

weighted cumulated VA, estimated probability of the firm exporting (derived by a 

logit regression with a dummy export variable42 as the dependent variable), estimated 

value of its exports, its export share in the annual national exports and the real value 

of imports to examine the factors that caused the increasing returns to scale. The 

study also used two time period dummy variables that split the data into three 

periods.43 

 

The most relevant variables that contributed to the VA were found to be labour and 

real capital stock, not profitability or the relative exchange rate. Labour had a 

negative coefficient that implied the probability of not exporting falls as labour 

increased. Higher capital stock implied the probability of exports rising. Firms with 

lower profitability had lower probability of exporting. The exports data used in the 

study did not include indirect exports, and the actual number of firms that exported 

would have been underrepresented and affected the study results. 

 

The study found that the firm’s willingness to export and its competitive market 

structure led to positive gains on the firm-level output. However, the volume of 

exports and imports apparently did not significantly affect the firm’s VA or on the 

TFP of the industry. 

 

                                                 
40 The value added was defined as (Value Added) = (Gross Output) - (Production Cost) where 
Production Cost = (Cost of raw materials) +(Cost of fuel, electricity and water) + (Cost of contract 
work) + (Cost of repair and maintenance services) + (Changes in inventory). 
41 Defined as Profit = (labour cost + production cost) / (gross output). 
42 Which was equal to one if the firm exported and zero if not. 
43 1979 to 1983 when the KAI was in the development phase, 1984 to 1988 when the KAI was 
successful as an exporter, and 1989 to 1992 when the exports fell, but domestic automotive demand 
and sales rose. 
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In an econometric framework, Okamoto and Sjöholm (2000) analysed the effects of 

the Indonesian government’s intervention policy on the Indonesian automotive 

industry during 1990 and 1995 period. They investigated how protection of domestic 

market and the participation of MNEs affected growth of InAI. The study 

commenced with descriptive statistics followed by an examination of various 

economic performance indicators at sectoral and sub-sectoral level. 

 

The economic performance of the industry sub-sectors was examined using simple 

averages of employment, labour productivity (both gross output and VA), the level 

of TFP, the share of non-production workers, wage rates, export shares, and import 

ratios. They found that InAI had undergone structural changes, thus increasing the 

relative shares of the supply chain (except car body makers) while decreasing those 

of the relative MVP shares.  

 

However, the magnitude of this structural change was different between the 

automobile and the motorcycle industries. The authors found a decline in labour 

productivity and the total TFP in all sub-sectors, but the decline was statistically 

significant only for car body makers. 

 

The TFP growth of the industry was determined by examining the contributions 

made by firms that continued to operate in the same industry sector (stayers), those 

that entered it (entrants), and those that exited it (exits). The productivity growth 

among the stayers was further analysed44 by breaking down improvement in each 

plant. Industry labour productivity growth was calculated using gross output per 

employee and VA per employee. 

 

The results showed that the productivity growth performance of InAI has been poor 

whichever way it was measured. Except for the output and TFP growth rates of the 

supply chain, all sub-sectors showed negative growth rates during the study period. 

Productivity growth analysis found that the negative growth was recorded by the 

                                                 

44 Using the equation   ∑)θ+
	lnTFP+
 −	θ+
�/	lnTFP+
�/0 = 	∑ θ+
�/∆lnTFP+
 +	∑2)θ+
 −
	θ+
�/0	lnTFP+
3 where TFP is Total Factor Productivity; i - the plant i; t - the end year; t-µ - the start 

year; and θ+
  the share of the ith plant in total gross output in year t. 
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exits, positive growth by the entrants and little improvement or deterioration by the 

stayers. 

 

Comparison of business performance of local and foreign firms45 showed that foreign 

firms were bigger in size and more productive than their local counterparts were. 

This difference was attributed to different sizes of the markets available for 

automobiles and motorcycles in Indonesia, high fragmentation of InAI with a large 

number of MVPs producing a large number of brands and models for a relatively 

small domestic market, and the less sophisticated nature and the local 

appropriateness of technology used in the motorcycle industry. 

 

These results are in line with the findings of Caves (1996) that foreign firms have a 

firm-specific advantage over local ones due to their bigger size and better 

productivity and consistent with the previous findings of Fong & Hill (1988) and 

McKendrick (1992) that the state intervention in Indonesia has failed to engender 

international competitiveness. 

 

Yasar (2002) investigated the causal relationship between exports and productivity 

using plant level data for Turkey’s automotive industry for the period 1990–1996. 

The trade liberalisation that commenced in Turkey in 1980 led to significant growth 

in automotive exports from 1981 to 1987, which appears to be due to a rise in foreign 

ownership, technology transfer, and outsourcing. The author found that exporting 

firms were more productive than non-exporting ones and concluded that improving 

plant productivity could lead to export expansion. Industry-level productivity 

improvement appears to have come from resource reallocations towards firms that 

are more productive and the efficient export sector. 

 

The author measured plant-level productivity using a multilateral index that 

combined the features of cross-section and time-series data. How resource 

                                                 
45 The authors recognised the positive contribution of foreign firms to the InAI in terms of introducing 
new technology, management and market information. Domestic firms without prior production 
experience would have found the technology too difficult to grasp, and the protectionist policies of the 
Indonesian government would have fostered inefficiency. Contributions were made when foreign 
firms that are more productive entered the market through local firms and through spill over effects 
from foreign firms to local firms. Yet, foreign firms had not fully become an engine of growth 
because the number of foreign firms that entered the Indonesian market was still quite small. 
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allocations and plant entry and exit influenced the industry-level productivity 

changes was also examined. Next, the study examined plant productivity profiles 

relative to their technological and employment capabilities. This was followed up by 

examining the relationship between exports and productivity, if exporters tended to 

have higher productivity levels than non-exporters. 

 

The study relied on quantitative methods using inferential statistical techniques that 

analysed industry data samples. By manipulating variables such as time and 

experience in exports, causal relationships were studied, while controlling the other 

variables that were thought to have influenced the output variable. Empirical 

relationships and associations between variables were studied by using three 

mathematical models and statistical methods. 

 

The first model, based on the Ordinary Least Square (OLS) estimator, examined the 

past relationship and the existing relationship between export and productivity with 

and without controlling for the export history of plants. The second model, based on 

the Generalised Method of Moment (GMM) with an Error-Correction specification, 

examined the causal relationship between exports and productivity. The said two 

models assumed that each plant within an industry shared a common production 

function. The third model, based on a Semi-Parometric Model (SPM), incorporated 

the plant level heterogeneity in measuring productivity. 

 

The results of the OLS model showed that prior market experience of the plant was a 

factor that affected the existing level of productivity. The results of the GMM model 

indicated a bidirectional causal relationship between exports and productivity both in 

the short-term and in the long-term. The SPM model did not yield statistically 

significant results. 

 

Using industry-level data from Korea, Lee (2002) examined the relations between 

productivity and export growth in all light manufacturing industries. By analysing 

the characteristics of each industry including automotive, Lee probed the relationship 

between trade and productivity. The study provided policy insights into the 

relationship between export and economic growth. 
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Positive associations between productivity and export led growth were tested using 

three causal hypotheses: 1) productivity was largely induced by the demand 

prospects via export growth; 2) productivity determined the rate of growth of export 

and is independent of export demand; and 3) there is a bi-directional relationship 

between export growth and productivity growth. The research study employed a five-

variable Lag-Augmented Vector Auto Regression (VAR) model to test the 

hypotheses. 

 

It was found that the motor vehicle and transport equipment industry and the non-

metallic mineral products industry supported the export-led growth hypothesis and 

showed unidirectional causality from export to productivity. Nevertheless, certain 

industries showed unidirectional causality from productivity to exports, some 

showed bi-directional causality and still others an indeterminate direction of 

causality. The study concluded that specific policy development for each industry 

was better than across-the-board industry policy development and that promotion of 

export behaviour was not always the path to economic growth in every industry. 

 

Maxton and Wormald (2004) investigated the issues relating to the global automotive 

industry: market saturation, uncertain growth prospects and unstable relations 

between global MVPs and the supply chain using diverse global data sources on 

automotive industries. Due to globalisation and pressures exerted by the MVPs, the 

supply chain was increasingly rationalised and integrated, making profound changes 

in their mutual relationships. In addition, those firms that genuinely embraced a 

cooperative approach and lean production have prospered. The industry had not been 

able to meet customer expectations and has not looked at optimising the system as a 

whole. The MVP seemed only to seek compliance to their demands from the supply 

chain and the vehicle distribution network. 

 

The pressures seemed to apply more individually at the lower end of the chain, thus 

shattering the collaborative attitudes between them. Few automotive firms dominated 

across entire value chains, the industry was plagued by self-importance, lack of trust 

in partners, compulsive command and control behaviour, and reluctance to relinquish 

territory. The future would not be limited to the competition between individual 

companies but ‘between changing segments of the supply and distribution chains’. 
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The industry would face a ‘graceless degradation’ or should rejuvenate itself through 

a reconstitution of the firms and their business operations. 

 

Lansbury, Lee and Woo (2002, 2004) studied the Korean automotive industry to 

examine the relationship between globalisation, technology advancement and human 

resource management. The Korean government facilitated the development of plants 

for small PMVs and commercial vehicles by merging automotive firms and assigning 

a particular product to each firm. The Korean automotive industry emerged as a 

global industry in its rapid industrialisation phase from 1981 and 1996, and recorded 

a high rate of average annual growth. 

 

The Korean automotive industry was found to have combined efficient production, 

low labour costs, capital investment with government assistance and effective export 

strategies. Yet, it experienced an unprecedented downturn during the economic crisis 

in 1997–1998. Unlike other automotive firms, only Hyundai Motor Company (HMC) 

was not in serious crisis. These firms were affected by the crisis due to over-

expansion of production facilities, and retention of huge liabilities while facing 

excessive domestic market competition. HMC survived the crisis and emerged as one 

of the world’s top ten auto manufacturers. 

 

The study seems to have based entirely on literary review. There were neither 

hypotheses nor quantitative analysis used. The study examined the experiences of 

Kia Motors, which was later absorbed by HMC to form the Hyundai-Kia group. It 

highlighted the key contributing causes for the problems faced by the industry and 

concluded that it was crucial for the group’s survival to upgrade the industry’s 

competitiveness. 

 

In a study of the US automotive component industry Chung, Mitchell and Yeung 

(2003) examined the relationship between foreign direct investment (FDI) by 

Japanese automotive assemblers and the productivity of their US suppliers. They 

examined 1) the nature of association between Japanese assemblers and less 

productive US suppliers, 2) the exit rate of low productivity US firms who supplied 

Japanese assemblers and those firms who did not and 3) productivity growth of the 

US suppliers to Japanese assemblers compared to those who were not. The 
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researchers used a sample of 207 firms that operated between 1979 and 1991. These 

firms included all firms that were listed in Compustat tapes as primary makers of 

automotive parts or automotive stampings and firms whose primary business was not 

listed as automotive parts or stampings making though more than 10 per cent of their 

sales included automotive parts and stampings. 

 

Their study used data such as sales, assets, employees, R&D expenditure, capital 

investment, depreciation expenses and accumulated depreciation to construct a multi-

factor average production function. Many firms did not consistently report business 

data to Compustat. This would have introduced bias into their research findings. Data 

on output (sales) and inputs of labour, physical capital and R&D capital were used to 

estimate productivity growth based on Log-linear Cobb-Douglas production 

function. These data were deflated and a perpetual inventory was constructed. 

 

Chung et al. found that overall productivity improvement in the US auto component 

industry was associated with direct investment by Japanese assemblers. However, 

their study did not show direct technology transfer from Japanese assemblers to US 

suppliers. They concluded that productivity growth of US suppliers affiliated with 

Japanese assemblers was not greater than the productivity growth of non-affiliated 

US suppliers. Increased competitive pressure was the driver of overall productivity 

growth in the US auto sector at least during the initial stages of direct investment. 

 

In a study of the Chinese automotive industry Buckley, Clegg, Zheng, Siler and 

Giorgioni (2007) investigated the influence of FDI inflows on China’s aggregate 

automotive industrial productivity. Their study used panel data for five automotive 

industry sub-sectors for the period 1995 to 1999. The study was based on data 

extracted from China Automotive Industry Yearbook 1996–2000. This data was 

available in the disaggregated constant format divided into five automotive sub-

sectors. 

 

The objective of the study was to determine the impact of FDI on labour productivity 

when other significant influences on labour productivity were taken into account. 

The researchers limited the scope of their study to measuring labour productivity. 

This restriction allowed them to 1) compare their findings with results of similar 
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previous studies and 2) isolate effects of increased capital intensity on labour 

productivity. 

 

Three statistical models, pooled ordinary least squares model (POLS), a fixed effects 

model (FEM), and a random effects model (REM) were used to estimate panel data 

sets. These models differed in their assumptions. The dependent variable used in 

these models was labour productivity. The independent variables were: 1) Capital 

Intensity;46 2) Labour Quality;47 3) Foreign Investment;48 4) Innovation;49 and 5) 

Turnover of Working Capital.50 Fiscal variables were measured at constant prices. 

All the independent variables were assumed to positively influence labour 

productivity in the Chinese automotive industry. 

 

The researchers found support for the theory that FDI is associated with raising 

labour productivity and that MNEs transfer not only capital but also advanced 

technologies and managerial skills. The findings implied that government policies to 

attract FDI have contributed to productivity gains. The findings also demonstrated 

that capital intensity, firm size and quick turnover of working capital were equally 

significant at the current stage of industry’s development. Their findings indicated 

that industry sub-sectors could achieve productivity growth through consolidation 

and growth of firms’ size to achieve better scale economies. The researchers 

concluded that the Chinese automotive industry needed to open up further leading to 

added structural and technological changes to make it internationally competitive. 

 

                                                 

46 Ratio of the net value of fixed assets to the annual average number of employees. 
47 Ratio of the number of technical staff to the annual average number of employees in each industry 
sub-sector. 
48 Ratio of foreign investment to total capital. 
49 Ratio of innovation investment to total investment. 
50 Number of the times working capital is turned over in a year. 
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2.4 Conclusion 

 

In this chapter, we reviewed both theoretical and empirical literature on the effects of 

trade liberalisation on productivity and trade performance. In reviewing the empirical 

literature, we focused on the studies investigating the effects of trade liberalisation on 

automotive industry in Australia and overseas given the aim of our study. The critical 

review of literature and discussion of the theoretical framework provide a basis for 

modelling exercise elucidated in Chapters 4 and 5. 

 

The literature review revealed the following conclusions: first, studies examining the 

effects of trade openness on automotive industry are extremely limited. This is 

particularly true for Australia. With a few scholarly studies undertaken in the 2000s, 

a large number of studies were conducted by the IC and associations affiliated to the 

Australian automotive industry. These are mainly descriptive and lack strong 

theoretical framework. The paucity of studies on the performance of Australian 

automotive industry in the era of trade liberalisation is not surprising given that data 

are not readily available in consistent format for a long period. Second, most studies 

conducted in Australia and overseas indicate that trade liberalisation is conducive to 

higher productivity and export performance. This appears to occur through greater 

competition, and improved access to superior technology and large external market. 

Third, as yet, no study has been conducted to examine the effects of trade 

liberalisation on import intensity of Australian automotive industry. Finally, most 

studies investigating the effects of trade liberalisation on efficiency in Australian and 

overseas automotive industries, with the exception of Lieberman, Lau and Williams 

(1990), Yang (1997), and Okamoto and Sjöholm (2000), rely on partial indicator of 

productivity rather than TFP. 

 

The next chapter will explore the past and current trends in the Australian automotive 

industry, while analysing the changes that have taken place within the industry since 

the introduction of reforms in the eighties and the manner in which these reforms 

may have affected the growth and performance of the AAI. 
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Chapter 3:  The Australian Automotive Industry 

 

 

3.1 Introduction 

 

The purpose of this chapter is to present an overview of the Australian automotive 

industry. In doing so, it focuses on how the structure of the industry has changed 

over the years in the context of policies in the past and recent changes. This chapter 

is organised as follows: Section 3.2 provides a snapshot of the Australian automotive 

industry.51 Section 3.3 outlines an historical overview of the Australian automotive 

industry. Section 3.4 discusses the development of the government’s policy relating 

to the automotive industry. Section 3.5 documents the impact of these policies on the 

development of the ANZSIC 231 sector and the ANZSIC 2311 sub-sector within the 

Australian automotive industry. Section 3.6 deals with the key performance 

indicators of the industry. Section 3.6 summarises the chapter. 

 

3.2 A Snapshot of the Australian Automotive Industry 

 

Table 3.1 provides key indicators of state-wide distribution of the Australian 

automotive industry (ABS, 2001, 2002). The data in Table 3.1 indicates that most of 

the industry is concentrated in Victoria followed by South Australia, New South 

Wales and Queensland. The industry employed 61,797 people, which is about six per 

cent of the total manufacturing employment in 2006–07. In terms of manufacturing 

‘value added’ (VA), the Australian automotive industry contributes six per cent to 

the total manufacturing VA in 2001–02. 

 

                                                 

51 In this study, the Australian automotive industry (AAI) and the motor vehicle and motor vehicle part 
manufacturing (ANZSIC 231) sector are used synonymously. However, this study only covers the 
motor vehicle and motor vehicle part manufacturing sector (ANZSIC 231) and the motor vehicle 
manufacturing sub-sector (ANZSIC 2311). 
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Table 3.1: Key Indicators of the Australian Automotive Industry: State-wide 

Industry, Employment and Value Added Distribution52 

State 
No of firms 

2006–07 
Employment 

2006–07 

Value Added ($ 
million) 2001–

02 

NSW 957 6,601 $543.5 

Vic 1,107 33,627 $2,609.2 

Qld 813 8,252 $307.3 

SA 270 10,228 $1,022.4 

WA 384 2,306 $98.7 

Tas 63 605 $26 

NT 21 128 - 

ACT 0 50 1.6 

Australia 3,615 61,797 $4.764.8 

 

Most of the Australian automotive industry’s activities are concentrated in Victoria, 

which has the highest employment and VA. The next highest industry concentration 

is in New South Wales with the second highest contribution in terms of VA. 

Although Queensland has the next highest number of firms, these firms employ more 

people than NSW with significantly less VA. 

 

The next highest concentration of the industry is in Western Australia with 

significantly less employed and with less VA. South Australia has the fifth largest 

number of firms employing the second highest number of people with the second 

largest VA. The next in line with the number of firms are Tasmania, Northern 

Territory and the Australian Capital Territory with significantly less number of 

people employed and even less significant VA.  

 

The high capital-intensive nature of the Australian automotive industry is partly 

reflected the VA per employee of $87,500 in 2005–06 (Marks, 2010). During 

recessions, activity in Manufacturing sub divisions such as Metal product 

manufacturing and Machinery equipment manufacturing (including motor vehicle 

manufacturing) has fallen though on average, all these sub divisions have grown 

comparatively strongly over the past 30 years (Wheatley, 2009). 

                                                 
52 Sources: ABS Cat No. 8165.0 (8165001) and 8221 - ANZSIC Classes 281, 2811, 2812, 2813 & 
2819 and ABS Cat No 82210DO010 - ANZSIC Classes 231, 2311, 2312, 2313 & 2319. 
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The Australian domestic vehicle market of about one million vehicles per annum is 

small, open and highly competitive (DIIRD, 2008). Of about 600,000 PMVs sold in 

the domestic market, the share of Australian made vehicles is at an all-time low and 

depends mainly on fleet purchases. 

 

The falling proportion of locally made vehicles can be attributed to the phasing out 

of production of small and most medium cars in Australia. The Australian 

automotive industry could make use of the highly competitive and demanding 

domestic market to better integrate into the global supply chain and improve its 

product quality. As the domestic market alone does not provide the economies of 

scale or profit margins necessary to maintain a viable industry, its future depends on 

being internationally focussed and integrated. 

 

3.2.1 Automotive Exports 

 

Automotive exports commenced in the 1950s with the export of Holden cars in the 

form of completely knocked down (CKD) packs for assembly. This trend was 

followed by other MVPs in the 1960s.53 In the early 1970s, exports came to a peak 

reaching 17,655 completely built-up (CBU) units and 97,150 CKD units. However, 

the first oil shock and the trade embargo against the apartheid policies of the South 

African government led to contracting of exports.54 In the late 1980s, export of 

engines and components grew strongly, but decreased with the high exchange rate of 

the dollar. Automotive exports55 included PMVs, engines and components. With the 

start of the Export Facilitation Scheme (EFS) in the 1990s, exports were revitalised. 

 

There has been a marked fall of automotive exports to Japan during this decade, 

which is attributed to the end of EFS in 2000 and to the emerging low cost 

production countries in Asia. The Australian automotive industry sources 

                                                 
53 Usual destinations were New Zealand and South Africa. 
54 In the 1980s, automotive exports were largely limited to New Zealand. 
55 Ford for a short while exported its Capri to the USA. Mitsubishi Diamante was Mitsubishi’s major 
export model in the nineties but was out of production in the 2000s. In the latter part of the 1990s, 
PMV exports became strong with the MVPs GM Holden, Toyota and Mitsubishi commencing new 
export programs. Since 1996, Toyota exports large volumes of PMVs to the Middle East. Mitsubishi 
380, the latest Mitsubishi addition to the exports market did not attract much interest. 



 

51 

 

components from the People’s Republic of China (PRC); however, Australian 

automotive exports to the PRC have also grown strongly. In mid-2000, export of 

engines and components grew mainly due to Holden engine exports. Ford’s major 

exports are to New Zealand and South Africa but are diminishing. 

 

Table 3.2: Production Capacity and Actual Production of MVPs in 2007 

MVP Production 
capacity in units 

Actual production in 
units 

Ford Motor Company of Australia 130,000 68,582 

GM Holden 145,000 107,795 

Toyota Motor Corp Australia 150,000 148,931 

Mitsubishi Motors Australia Ltd 65,000 10,811 

Source: Australian Automotive Intelligence Yearbook 2008 and Key Automotive 
Statistics Series, DIISR 
 

The relatively small-scale economies of the industry are hampering its profitability 

(see Table 3.2). In 2007, the total Australian vehicle production was 336,119 units, a 

slight increase that was driven by export demand. This production accounted for less 

than 0.5 per cent of global PMV production. In the two preceding years, Australian 

PMV production decreased and in the recent years vehicle imports56 have grown 

significantly. Local PMV production continues to be a major challenge due to the 

large trading losses of local MVPs, which are partly compensated by their 

component sales. Hence, the local MVPs have the dual challenge of competing 

against firms with larger economies of scale and tackling their own falling 

profitability levels. 

 

Competitive pressures exerted by the MVPs have increasingly subjected the supply 

chain to rationalisation and integration making profound changes in their mutual 

relationships. However, these pressures seem to have applied drastic cost down 

policies for higher quality products on a regular basis shattering the collaborative 

relationships and attitudes between the MVPs and the supply chain. This situation 

has led to further restricting the ability of the industry to achieve economies of scale 

in automotive production. 

 

                                                 
56 The largest import growth has been from Thailand, partly due to the Thailand-Australia FTA that 
allows Thai-manufactured vehicles duty free entry into Australia. 
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Increased competition from emerging countries, a rising Australian dollar and 

standardised vehicle platforms have driven the local MVPs to rely on imported 

components increasingly. They still plan to continue production in Australia and 

improve export performance. The supply chain, which relies mostly on MVPs to 

source their components, is also facing diminishing profitability levels under 

international competition. However, MVPs increasingly source their inputs from 

overseas. MVPs award short-term contracts to firms in the supply chain, which 

undermines their financial security. Many component producers have reduced their 

reliance on domestic sales by moving their production operations overseas. 

 

GM Holden’s exports to the Middle East have been falling. Export volumes of 

automotive components grew in 2007. Total automotive exports from Australia in 

2007 amounted to $4.7 billion of which $2.9 billion was for the export of motor 

vehicles, and $1.7 billion for the direct export of automotive components not 

included in the vehicle exports. In 2007, close to 50 per cent of the motor vehicles 

produced in Australia was sold overseas. 

 

Table 3.3: PMV Exports, Imports and Total Production 1982 to 2008 

Year 
PMV 

Exports 
in Units 

PMV 
Imports 
in Units 

PMV 
Production 

in Units 
Year 

PMV 
Exports 
in Units 

PMV 
Imports 
in Units 

PMV 
Production 

in Units 

1982 861 101,243 378,978 1996 44,055 243,848 304,741 

1983 2,987 93,997 317,239 1997 51,757 281,265 301,280 

1984 1,525 93,853 370,393 1998 58,389 316,704 335,653 

1985 2,541 114,525 383,763 1999 83,205 288,176 322,613 

1986 4,594 69,628 317,690 2000 101,018 319,471 329,726 

1987 10,119 52,759 309,928 2001 117,661 330,464 317,500 

1988 1,921 76,311 317,289 2002 112,088 321,763 326,000 

1989 6,392 126,262 356,904 2003 120,178 360,247 366,000 

1990 34,426 115,151 360,918 2004 131,474 371,161 339,500 

1991 29,730 123,708 278,423 2005 142,022 440,159 315,000 

1992 27,926 147,406 270,170 2006 132,742 476,251 275,000 

1993 24,532 158,663 285,076 2007 140,233 506,136 292,000 

1994 23,263 182,256 309,512 2008 159,876 505,602 285,000 

1995 23,940 214,843 293,631     

Source: Australian Automotive Intelligence Yearbook 2009 and Key Automotive 
Statistics Series, DIISR 
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A plot of Australian PMV exports, imports and production in Chart 3.1 based on the 

data set provided in Table 3.3 indicates that automotive exports has resurged during 

the last decade, but recent export volumes have remained at about one third of 

imports. Since achieving a peak of about 142,000 units in 2005, export volumes have 

remained static. Australia’s main export market is the Middle East, but this 

dependence has become problematic with growing competition from Asian countries 

that enjoy better economies of scale and geographic advantages over Australia. Other 

major automotive export markets include New Zealand, the Republic of Korea and 

the US. 

 

Chart 3.1: PMV Exports, Imports and Total Production—1982 to 2008 

 

Source: Australian Automotive Intelligence Yearbook 2009 

 

While reduced industry protection is driving some industry rationalisation, declining 

tariff levels are still a major challenge to the industry, particularly in the context of a 

more competitive international environment57 (Iacono, 1994). The Australian MVPs, 

with a relatively small domestic market and difficulties in achieving economies of 

scale relying on domestic sales, are increasingly focused on export markets. 

However, since 2002, automotive exports have fallen partly due to the appreciating 

Australian Dollar. 

                                                 
57 For example, Ford has cited falling protection levels as potential major impediments to its continued 
presence in Australia as a car manufacturer. 
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The discontinuation of production of smaller PMVs caused by industry 

rationalisation and strong sales growth of SUVs have rapidly and continuously 

increased imports, the major sources of which are Japan, Thailand, the US and 

Korea. The discontinuation of small vehicle production has also negatively affected 

import of original equipment (OE)58 components and CKD units. This situation has 

caused a deterioration of the automotive trade balance. 

 

A plot of labour productivity of MVPs at Chart 3.2 indicates that labour 

productivity59 of the Australian automotive industry, based on the number of motor 

vehicles produced per worker, has noticeably improved during the period of trade 

liberalisation (AIA, 2004; DIISR, 2008). 

 

Chart 3.2: Labour Productivity of MVPs 

 

Source: Key Automotive Statistics Series, DIISR 

 

In a similar manner, automotive product quality has strongly improved compared 

with the quality of imports. The financial performance of the industry has been 

varying to a great extent from strong profit margins to huge loss-making.60 

                                                 
58 Original equipment refers to automotive commodities that are ultimately used in the production of 

motor vehicles other than those used in automotive after markets. 

59 The number of vehicles produced per employee has increased from 11.1 units in 1985 to 18.7 units 
in 2007. 
60 The total sales revenue of the four MVPs reached a peak in 2004; however, the total profitability has 
been varied. Factors such as large write downs of assets values and other production related costs have 
resulted in large aggregate losses in the 2004 to 2006 period. Their aggregate profitability has been 
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3.3 An Historical Overview of the Industry 

 

The Australian automotive industry has always been under foreign control, although 

their shares have gradually increased. The three MVPs61 dominate the industry and 

they are fully foreign-owned subsidiaries. While globalisation has resulted in 

extensive merger and acquisition in the global automotive industry, the Australian 

automotive industry appears largely immune from this process. 

 

The Australian automotive industry has a history of more than a century of 

development commencing with the first car built in Australia in 1897 (Uhlenbruch, 

1986), which parallels the development of the global automotive industry. At the 

early stages, Australians experimented with engine designs but soon started to rely 

on imported vehicles and assemblies. Domestic automotive assembly operations 

were carried out in company owned assembly plants or by contract assemblers. The 

assembly operations led the way to domestic component making, body building and 

assembling industry. Eventually, several of the early local companies transformed 

themselves into the local subsidiaries of overseas MVPs. The final years of World 

War Two (WWII) saw the Australian government revisiting the idea of an all-

Australian made car and accepting a proposal by GM Holden to produce it. With the 

production of the first Holden car locally, the Australian automotive industry 

progressed from assembly to manufacturing. 

 

A more comprehensive industry started to develop with the introduction of vehicle 

production by Holden in 1948, Ford and Chrysler later and the subsequent entry of 

the Japanese car producers. With the production of PMVs the component industry62 

developed rapidly. Plastic and rubber parts producers and electrical and electronic 

                                                                                                                                          

extremely low in 2005 and 2006. Except Toyota, all MVPs recorded operating losses in the same 
period. 
61 The three MVPs are Ford Motor Company of Australia Ltd, GM Holden Ltd and Toyota Motor 
Corporation Australia. Mitsubishi Motors Australia Ltd closed its production operations in Australia 
in March 2008. 
62 Comprised metal fabricators doing metal stampings, castings and forgings and making machined 
parts to supply replacement parts for imported vehicles. 
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component makers63 for automotives emerged in the seventies and eighties. They 

often sourced their technology or product know-how from overseas. The tooling 

industry also sprang up with metal casting and plastic moulding operations. 

 

The first oil shock in the mid-1970s brought major changes to the Australian 

automotive industry as the demand for Australia’s large car sales dropped. This lead 

to a rise in imports of smaller passenger motor cars displacing locally made large 

Australian PMVs Within this environment, the government began reviewing its 

automotive industry policy calculus. Japanese imports started dominating light 

vehicle imports to Australia in the seventies and entrenched its dominance in the 

eighties.64 This dominating situation changed in 1986 with the entry of Hyundai. In 

the 1970s and 1980s, component production underwent consolidation and exports 

also increased. 

 

In the 1980s, PMV production was encouraged and the import of CKD components 

and assembly became less significant. In the nineties, with industry rationalisation, 

PMV imports grew and production of small cars stopped. The Australian automotive 

industry, which initially relied heavily on the domestic market demand, became 

outward oriented since the 1980s. Following the global trend, MVPs increasingly 

outsourced design, development and manufacture of components and assemblies and 

required ‘just-in-time’ deliveries for vehicle assembly operations. Next to their 

plants, MVPs even established supplier parks for producing large or critical 

components and assemblies (AAI, 2009). 

 

The nineties saw the number of assembly plants in Australia reduced (AAI, 2009). 

The Nissan Motor Company Ltd ceased its vehicle assembly operations in Australia 

in 1992. GMH manufacturing operations committed to a joint venture and model 

sharing with Toyota, partly due to government pressure, but this lasted only for a 

short period. Ford closed down its Laser production line in 1994 and Toyota 

transferred all its vehicle production to its new facility at Altona in early 1995. 

                                                 

63 Many plastic and rubber auto component makers are now internationally owned while auto 
electrical and electronic component manufacturers tend to be subsidiaries of overseas companies. 
64 Mainly due to the product and quality advances of Japanese vehicles and the methods of allocating 
import vehicle quotas. 
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With Mitsubishi Motors Australia Ltd ceasing its production operations in 2008, the 

Australian automotive industry became to represent only three MVPs with more than 

two hundred automotive firms in the supply chain. Trade reforms have directly 

influenced industry rationalisation and reduced the 13 PMV models Australia had in 

1985 to current three models by end of 2008 (AAI, 2008). During the last two 

decades, the Australian automotive component industry has quadrupled its turnover 

and has shown strong export growth. 

 

3.4 Government Policy 

 

The Australian automotive industry attracted the Commonwealth and State 

governments’ attention because of its significant and broader national interests. 

These include direct employment, strong linkages to other parts of the economy and 

perceived technological and employment spillovers. The industry has linkages across 

the manufacturing and services sectors through reliance on subsidiary industries such 

as painting, plastics, adhesives, textiles, aluminium and ferrous castings, tool and die 

making, machinery and equipment, steel and building products, automation 

technology, engineering, industrial design and market research. The industry 

employs about five per cent of the manufacturing workforce and contributes about 

six per cent of the manufacturing VA (DIISR, 2008). The skill base available to the 

industry is widely regarded as integral to its growing innovativeness and flexibility 

and to the improvements in its productivity and quality over the last decade 

(Automotive Training Australia Limited, 2004). Declining import tariffs associated 

with increasing competition and import penetration has become the major trend in 

the industry over recent years. 

 

Prior to 1901, the separate colonies in Australia had their own tariffs and the nature 

of protection varied from state to state (Uhlenbruch, 1987). The first tariff for the 

protection of the Australian automotive industry was introduced in 1907. In the pre- 

and early 1980s, government policies mainly protected the Australian automotive 

industry by creating various barriers to imports. In the mid-1980s, the government’s 
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trade reforms opened up the Australian automotive industry to international 

competition.65 

 

In the 1980s, Australian automotive exports were negligible.66 Since then, exports 

have grown significantly except in 2007 (AAI, 2008). Some component producer 

firms have even started production overseas. The abolition of the mandatory local 

content scheme on locally produced PMVs, the EFS and reduction of duty on 

imported components provided incentives for the industry to develop more 

components for export markets. 

 

The government policy towards the Australian automotive industry is examined 

during the two phases of its development, i.e., the pre-Button era and the post-Button 

era.67 In the pre-Button era, the government policy focused on creating import 

barriers to protect the Australian automotive industry from international competition. 

In the post-Button era, the focus was to assist the Australian automotive industry to 

become internationally competitive by gradually opening it up to international 

competition. In general, these government policies aimed at improving the industry’s 

international competitiveness and export performance. 

 

3.4.1 Government Policy in the Pre-Button Era (Pre-1985) 

 

In 1917, an embargo was placed on imported car bodies. In the 1920s and 1930s, full 

tariff and quota protection was provided for any local component producers. Prior to 

the 1960s, vehicle producers who undertook to increase local content were rewarded 

with higher import licenses to help ease a balance of payment crisis. 

 

Government assistance in the early 1940s encouraged assembly of vehicles and 

manufacture of components in Australia. After WWII, government policy promoted 

                                                 
65 However, many agreements made at WTO, APEC and other Free Trade treaties also affect the 
industry. 
66 In the late 1980s and early 1990s, due to many factors, the real price of imported cars fell by over 10 
per cent compared to five per cent for locally made cars (IC, 1997). 
67 Protectionism, the basis of industry policy in Australia for over a century was phased out to 
facilitate structural adjustment and impose competition commencing in 1984 by the then Industry 
Minister John Button. The term pre-Button era denotes the pre-1984 period when protectionism 
reigned and post-Button era denotes when phasing out protectionism commenced. 
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full vehicle manufacture in Australia. However, imported smaller, more economical 

PMVs posed strong competition to the local industry. The first Holden rolling off the 

Australian assembly line in 1948 foresaw the ongoing commitment of future 

Australian governments to encourage, support and protect the manufacture of PMVs 

in Australia (Capling & Galligan, 1992). In 1965, the government introduced plans to 

reward manufacturing firms that achieved a minimum local content with the right to 

import the remaining components duty free.68 

 

For most of the period from 1968 to 1985, the Australian government provided 

assistance to protect the Australian automotive industry in the form of import quotas, 

tariff protection, local content plans and export facilitation. The government policy 

shifted with the oil shock in 1973 and rising imports. Quantitative restrictions on 

imports were introduced in 1975 due to the failure to preserve an 80 per cent market 

share for local manufacturers. In 1978, the government imposed a revenue duty that 

raised PMV tariffs to a peak of 57.5 per cent and remained so until 1987. In 1979, 

the government announced the EFS for car manufacturers. These measures 

significantly increased the level of effective protection provided to PMV. 

 

As shown in Chart 3.3 below, rates of effective protection provided to motor vehicle 

and parts manufacturing sector in comparison to rates of effective protection offered 

to textile, clothing, footwear and leather sector and manufacturing sector. Rates of 

protection for the motor vehicle and parts sector and the textile, clothing, footwear 

and leather sector have been high compared with rates of average effective protection 

provided for the manufacturing sector. 

 

Following up a GM Holden proposal to build an export-oriented engine plant,69 the 

government introduced the EFS in 1982. The EFS was designed to encourage the 

manufacture and export of VA products70 and allowed MVPs to reduce the local 

content in vehicles they produced below 85 per cent, conditional upon their export 

performance (Sanidas & Jayanthakumaran, 2006). Exporters were allowed to 

                                                 

68 For example, the 85 per cent local content requirement in 1975 allowed duty free components to 15 
per cent of the value of PMV production. 
69 This plant became the largest source of Australian manufactured exports. 
70 It applied to specified PMVs, automotive components, automotive machine tools and tooling and 
automotive design, development and production services. 
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exchange automotive exports for component imports without affecting the 85 per 

cent local content achievement. 

 

Chart 3.3: Rates of Effective Protection provided to Motor Vehicle and Vehicle 

Part Manufacturing, Textiles, Clothing, Footwear and Leather Manufacturing, 

and Manufacturing Sectors 

 

Source: Derived from various sources such as AAI, IC, PC, DISR and DIISR 

 

3.4.2 Government Policy in the Post-Button Era (Post-1984) 

 

The 1980s witnessed pivotal changes that reversed the trends in protectionism and 

inward orientation of the Australian automotive industry. In 1984, the Button Plan71 

was introduced to compel the industry to compete and survive under the conditions 

of continuously reducing government assistance. The Button plan re-defined the 

institutional framework and set out several objectives72 for the industry to achieve 

                                                 
71 Following a wide-ranging review of the Australian automotive industry carried out between the late 
1970s and early-1980s to restructure the local motor industry, the Australian Government's 
Automotive Plan was introduced in 1984. This plan later came to be known as the Button Plan, named 
after the federal minister for trade and industry John Button. 
72 1) to increase all aspects of efficiency so as to enable the industry to compete with imports at lower 
levels of government assistance, 2) to provide better quality products for consumers at reduced real 
prices, and 3) to minimise disruption to production and employment during the transition to a more 
efficient industry. 
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(Samuel & Gupta, 1993; AIA, 1994). It allowed firms to accumulate and use export 

credits to offset duties on automotive imports and promoted minimum volume output 

restrictions (Sanidas & Jayanthakumaran, 2006). 

 

In the 1950s, duty on PMVs was based on ad valorem tariff, which was calculated as 

a percentage of the value of the imported components and assemblies included in a 

vehicle (AAI, 2009). In an attempt to make the industry more competitive and 

efficient, import licensing system was introduced in the early 1990s to control the 

imports of vehicles through foreign currency rationing, was abolished in 1960. In 

1957, tariffs were simplified to ad valorem rates, generally to about 35 per cent. In 

1965, local content plans were established to achieve 95 per cent local content within 

five years for high volume PMV models. In 1966, the general rate of tariff was raised 

to 45 per cent as import of completely built-up (CBU) motor vehicle units exceeded 

7.5 per cent of the market. 

 

Chart 3.4: Tariffs and Quotas for PMVs and Clothing, and Average Effective 

Rate of Protection to Manufacturing 

 

(Per cent rate, quotas quantitative until 1985) 

Source: Derived from various sources such as AAI, IC, PC, DISR and DIISR 
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Chart 3.4 indicates the manner in which industry protection to the PMV industry and 

the textiles, clothing and footwear industry has fallen since the 1970s. In the 1960s 

and 1970s, the government policy was to provide higher assistance to the Australian 

automotive industry with increasing tariffs to 57.5 per cent, quotas being imposed in 

1975 and making local content requirements greater. In 1984, an out of duty quota 

was set at 100 per cent and the quota system was to be phased out by 1992. 

 

In an attempt to make the industry more competitive, the Automotive Industry 

Authority (AIA) was established in 1984. Within a year of its establishment, 

quantitative quotas were replaced with tariff quotas to make protection more 

transparent, but the level of protection granted to PMV was still very high. To make 

the industry outward looking, the Australian automotive industry introduced the 

acceptable volumes of production rules in 1986, which penalised the MVPs with 

models that did not produce at least 30,000 units a year from 1989 onwards. 

However, this policy measure was highly complex and lacked transparency, making 

the industry highly protected until 1988, as Chart 3.3 indicates. 

 

This led to the abolition of import quota on cars in 1988. At the same time, the tariff 

was reduced to 45 per cent with further annual reductions of 2.5 per cent to become 

35 per cent in 1992.73 These policy changes were based on the mid-term review of 

the Button Plan that took place in 1986. Also included in the policy review was the 

expansion of EFS until 2001. The new policy calculus targeted reducing the number 

of MVPs and discouraging the too many vehicle models that were available at the 

time. 

 

Phased tariff reductions made imports increasingly competitive but did not help the 

increased concentration of the industry’s market structure. Hence, government 

intervention had to re-define the institutional framework within which the industry 

operated to help make the market structure more concentrated (Samuel & Gupta, 

1993). 

                                                 

73 The mid-term review reduced tariff on PMVs to 45 per cent to be brought down to 35 per cent in 
1992. Later this tariff reduction was extended to reach 15 per cent in 2000. In 1997, it was decided to 
hold tariffs at 15 per cent from 2000 to 2004 and reduce it to ten per cent in 2005. A 2003 review 
decided to reduce tariffs to five per cent in 2010. 
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In 1988, measures were introduced that would denote the Australian automotive 

industry’s entry into the new era of globalisation (DISR, 1997). The local content 

scheme was abolished in 1989. The policy arrangements announced in 1991 

provided the industry with the certainty of government assistance until year 2000 

(DPMC, 1991). Penalties for low volume production did continue until 1996.74 Other 

reforms such as in industrial relations reform were implemented between 1988 and 

1995 also had varied impacts on the industry. However, in 1997, due to the pressure 

from industry groups, tariff reduction was delayed and held at 15 per cent from 2000 

to 2004.75 Tariffs were reduced to ten per cent in 2005 and to five per cent in 2010 

(DIISR, 2008). 

 

In an attempt to make the reform process more efficient, the government replaced 

EFS with ACIS in 2001,76 which was responsible for providing transitional 

assistance to the industry. Over the period 2001 to 2015, ACIS was expected to 

deliver an estimated $7.2 billion to the Australian automotive industry and encourage 

MVPs to invest in world class R&D. The government aimed to cease the transitional 

assistance provided under the ACIS Scheme in 2015. Until then, the support 

provided to the Australian automotive industry was to be higher than the support 

provided to most of the other Australian non-automotive industries. 

 

The Australian automotive industry was subjected to another government review in 

2008. The government’s response to the 2008 Automotive Review (known as the 

Bracks Review),77 outlined changes in the goals of industry policy beyond 2010. 

This policy response was provided in A New Car Plan for a Greener Future. The 

                                                 
74 Nine producers who produced the models, which did not achieve a sanction volume of at least 
30,000 units a year from 1989, were subject to penalty. The penalty withdrew eligibility for the 15 per 
cent duty free imports. 
75 The subsidy equivalent of this 15 per cent PMV tariff would amount to around $840 million. 
76 ACIS is a transitional assistance scheme to encourage new investment and innovation in the 
Australian automotive industry. Through the issue of import duty credits ACIS rewards strategic 
investment. ACIS replaced the previous Export Facilitation Scheme. ACIS makes import duty credits 
available to the participants under the scheme on the basis of their automotive production and 
investment in plant and equipment and research and development. The duty credits can be used to 
discharge customs duty on eligible automotive imports, or can be sold or transferred. Under the 
current settings the scheme will cease on 31 December 2015. 
77 This appendix in the form of a postscript provides a brief on developments in government policy 
after the end of the period of this study. 
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$6.2 billion New Car Plan was announced in November 2008 with a 13-year long 

commitment to make the industry more environmentally sustainable. 

 

Transitional provisions for ACIS will come into effect in 2010. The renamed ATS 

will come in to effect from 1 January 2011. The New Car Plan is expected to 

generate $16 billion in new investment, equivalent to 17 per cent of industry gross 

VA. It also envisages to green78 the industry, strengthen the local supply chain and 

link Australian and overseas supply chains. 

 

Under this plan, the automotive tariff was reduced to five per cent in 2010, yet, the 

transitional assistance regime to the industry will cease only in 2020 (DIISR, 2009). 

ACIS will be replaced by a $3.4 billion ATS running from 2011 to 2020–21. The 

plan also includes $79.6 million for changes to ACIS in 2010 for a smooth transition 

to ATS, a $1.3 billion Green Car Innovation Fund
79 (GCIF) running over ten years 

commencing in 2009, $116.3 million structural adjustment program for the 

components sector and for labour market adjustment, $20 million from 2009–10 to 

suppliers for improving capabilities and for integration in national and global supply 

chains and, $6.3 million from 2009–10 for an enhanced market access program. The 

ACIS scheme made import duty credits available to participants80 based on their 

automotive production and investment in P&E and R&D.81 

 

Additional to ACIS, there have been other arrangements to support the automotive 

industry. These arrangements included the Duty Drawback arrangements that were 

operational under the Customs Act 1901 and the Tradex Scheme introduced in 1999 

that offered an alternative to the Duty Drawback arrangements. The Duty Drawback 

Scheme enables exporting companies to obtain refunds of payments of customs 

                                                 

78 By improving fuel efficiency and reducing carbon emissions. 
79 The Fund will help the industry meet challenges such as climate change and the environment and 
consumer demand for more fuel-efficient vehicles and be worth up to $500 million over the five years 
from 2011. 
80 Vehicle manufacturers, component producers, automotive machine tool producers and automotive 
service providers. 
81 Over the period 2001 to 2015, ACIS is expected to deliver an estimated $7.2 billion to the 
Australian automotive industry. The ACIS MVP R&D Scheme was for encouraging Australian MVPs 
to invest in world class R&D technologies. The Government's $7.2 million Supplier Development 
program, also funded under the MVP R&D Scheme, aims to enhance the capabilities of component 
producers (DIISR, 2008). 
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duties82 where those goods will be treated, processed or incorporated in other goods 

for export or when goods are re-exported unused since importation. The Tradex 

Scheme has enabled exporting companies to obtain an up-front exemption83 from 

customs duties and other taxes. The scheme has provided benefits to exporters 

equivalent to the benefits available in a free trade zone. In addition, the Enhanced 

Project By-law Scheme (EPBS) allows Australian industry to access tariff duty 

concessions on eligible goods that are imported for significant projects in certain 

industries (including the Australian automotive industry), under specific conditions 

laid down by the government. 

 

One-off assistance measures have been implemented for the Australian automotive 

industry to achieve specific goals. Such measures included Commonwealth 

assistance for Ford Australia with matching assistance from the Victorian 

government and to GM Holden with matching funds from the Victorian and South 

Australian governments. Under Government Purchasing Preferences, the 

Commonwealth and state governments also purchase Australian made PMVs. 

Business and government fleet purchasers84 accounted for over 75 per cent of total 

domestic demand for Australian-made vehicles in 2007. 

 

The bi-lateral and multi-lateral agreements signed by Australia have had implications 

for the APMVI. In the Bogor Declaration (1994), Australia pledged to achieve free 

and open trade and investment in the Asia Pacific region by 2010. Free trade 

arrangements may adversely affect the Australian automotive industry, if other 

countries do not move their protection to tariff rates comparable to the Australian 

rates. In this scenario, Australia may become more uncompetitive in attracting 

investment funds. If other low cost production countries provided more assistance 

than Australia for new automotive investment, then local MVPs, who are foreign-

owned, may become inclined to move their production overseas. 

 

                                                 

82 Can only be claimed after the goods have been exported. 
83 Provided that the goods are subsequently exported or incorporated in goods that are exported, within 
12 months or another approved period. 
84 Business accounting for 56.8 per cent and government 18.5 per cent. 
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Though Australia may have one of the most competitive automotive industries in the 

region, the NTBs that exist in the emerging low cost production countries may make 

it harder for Australian MVPs to gain access to their domestic markets. While 

Australia has opened its domestic markets to emerging economies, some of the 

markets in the emerging low cost production countries are almost impenetrable to 

Australian producers. PMVs produced in the low cost production countries may 

flood the Australian market while local MVPs could not sell their PMVs in these 

countries. This may negatively affect the emerging exports boom. The 2008 

automotive review of the government examined these and other similar issues. 

 

The Australia–US Free Trade Agreement (FTA) removed customs duty on almost all 

automotive products. The exception being for Australia’s import tariffs on PMVs 

sourced from the US, which has been phased out to zero in 2010. Over the period 

2005 to 2007, PMVs and automotive component exports to the US fell by 15 per 

cent85 while automotive component imports remained static. 

 

Under the Australia–Thailand FTA, Thailand will phase out its tariff on all PMVs 

and automotive components to zero in 2010. During the period 2005 to 2007, 

Australian automotive component exports to Thailand increased by 87 per cent while 

Thai automotive component imports rose by 205 per cent. Australian PMV exports to 

Thailand are constrained by Thailand’s vehicle excise taxes, which are based on 

engine capacity. However, in the same period, Thai PMV imports to Australia 

increased by 97 per cent. 

 

The Australia and New Zealand Closer Economic Relations Agreement established 

in 1983 allowed for the free trade in goods and services between Australia and New 

Zealand. In addition, Australia has separate trade agreements with Papua New 

Guinea and the South Pacific Island Countries, allowing goods produced in those 

countries duty free access to the Australian market. However, none of these countries 

manufacture PMVs except for some automotive components. 

                                                 

85 The fall in exports is partly attributed to the decreased market share by the three major MVPs and 
component producers co-locating next to production facilities of vehicle and Tier One producers. This 
was mainly due to termination of GM Holden export programs. However, GM Holden will commence 
exporting the Pontiac G8 car and utility vehicles. 
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During the last three decades, government policy encouraged the industry to move 

into a more open market and to make automotive production more internationally 

competitive. Government policies of trade liberalisation appear to have contributed 

to productivity improvements and export growth (Owens, 1995; Conlon & Perkins, 

1995). The Australian automotive industry has continued to face challenges due to its 

small domestic market, competition from emerging countries and falling domestic 

vehicle production (Bayari, 2008). 

 

3.5 Protection and Growth: Impact of Government Policy 

 

This section will examine the impact of the government policy calculus, particularly, 

in the pre-Button era and in the post-Button era. This impact will be examined from a 

perspective of protectionism and liberalisation. 

 

3.5.1 Pre-Button Era (Pre-1985) 

 

In the pre-Button era, the growth of the Australian automotive industry emanated 

from protectionism. Its products fell behind in terms of technology, reliability, 

performance, and quality. The Japanese production efficiency and the oil crisis in the 

seventies eroded the cost base of the Australian automotive industry. Oil prices were 

limiting sales of large, high fuel consumptive PMVs (Smith & Lewis, 1991). Yet, 

Australia disregarded these international trends (Capling & Galligan, 1992; De Silva, 

1993). With reduced protection and cheaper imports, some of the domestic demand 

turned towards imported PMVs (Sampson & Woodbridge, 1984). In the 1980s, the 

Australian automotive industry took the wrong direction in its journey towards 

growth by ceasing production of smaller to medium vehicles and paying more 

attention to producing large PMVs (Capling & Galligan, 1992). 

 

Early in the twentieth century, imposition of tariffs on imported car bodies in 1917 

encouraged production by local body makers and setting up of assembly operations 

by North American producers. Full tariff and quota protection in the 1920s and 
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1930s encouraged VA production.86 The nature of the global automotive industry 

and the Australian government policies at the end of the 1940s encouraged local 

assembly of PMVs. Import licensing introduced in the 1950s heightened the demand 

for locally manufactured components and spare parts. The removal of import 

licensing in 1960 allowed imports of CBU vehicles to grow. Local content plans 

introduced in 1965 envisaged transition to 95 per cent local content for volume of 

vehicles made in Australia.87 These plans skewed manufacturing towards low-

volume production thus undermining economies of scale.88 

 

The government policy in the early seventies encouraged the Japanese to 

manufacture motor vehicles in Australia.89 Due to the surge of imported CBUs90 in 

1974, the government imposed annual quotas, which were abolished later in 1988. 

Toyota and Nissan began making cars locally in 1976. 

 

By 1984, the industry produced 13 models at an average volume of less than 30,000 

units per year. These volumes compared unfavourably with those achieved by major 

overseas MVPs and were far below desirable scales of production (Smith & Lewis, 

1991). When the Button Plan was formulated in 1984, APMVI possessed a 

distinctive inward orientation (Samuel & Gupta, 1993). This orientation was a result 

of a high effective protection rate and several other factors.91 There were suggestions 

to reallocate resources away from the Australian automotive industry to other 

industries in which Australia had a comparative advantage (Anderson & Findlay, 

1995). 

 

                                                 

86 By establishing motor engine and chassis manufacturing. 
87 However, this target could not be achieved. 
88 Proliferation of models eroded the efficiency of the vehicle manufacturing sector and fragmented 
the market. 
89 Toyota and Nissan commenced production while Chrysler produced Mitsubishi cars. 
90 Due to the effects of the first oil shock, the domestic demand for smaller cars, and greater supply led 
by global recession. 
91 Such as captive domestic consumers, a relatively high inflation rate, an increasing managerial focus 
on tactical, short-run considerations at the expense of strategic planning, a lack of economies of scale 
in production, high prices of vehicles for consumers and low PMV profitability for the industry. 
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3.5.2 Post-Button Era (Post-1984) 

 

The post-Button policies were directed to changing the structure of the Australian 

automotive industry by improving market conduct and performance, particularly, 

since 1985 (De Silva, 1993). Without market-driven pressures such as tariff 

reductions, the car industry was unlikely to have changed its mode of less efficient 

and less lean manufacture. Government policy also provided the industry with a 

sense of direction and stability. For an industry like the Australian automotive 

industry, which has high capital investment and long lead times, this was extremely 

important (AIA, 1986–1993). The government intervention to prescribe a reduction 

in the number of producers and to create disincentives to reduce the number of 

models, helped in re-defining the institutional framework within which the PMV 

industry operated (Samuel & Gupta, 1993). 

 

As automotive production is capital intensive, the cost penalties associated with low 

levels of capacity utilisation can be significant (IC, 1990). Low production volumes 

contributed to low productivity due to the adverse influence of associated fixed costs. 

Greater production volumes enabled improved capacity utilisation with subsequent 

lowering of unit costs and, more importantly, provided the justification for 

investment in more efficient equipment to further lower unit costs (AIA, 1993). 

Local producers needed to significantly expand their market share by increasing 

affordability of their products and supplement their volumes through export. 

 

Improvement in labour productivity in the Australian automotive industry was low 

compared to the European plants. The US and the Japanese counterparts had 

performed far better (IC, 1997). The Button Plan rationalised the industry by 

promoting a minimum viable scale of operation, productivity, quality, exports and 

lower real prices in PMVs (Owens, 1995; Conlon & Perkins, 1995). In 1987, the 

prices of imported cars rose resulting in reduced numbers of imported PMVs 

(Owens, 1995). The plan restored pressure on the industry to adjust after the major 

depreciation of the Australian dollar in the late 1980s.92 

 

                                                 
92 The large depreciation of the Australian Dollar against Japanese Yen and German Mark during 1984 
and 1988 gave additional protection to local manufactures. 
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Discontinuing import quotas and the local content scheme ended the provision of 

increased assistance whenever the industry’s competitiveness declined. Thirteen 

PMV models were rationalised to just five, with major gains in productivity and 

significant growth in exports (DISR, 1997). The removal of quotas and reductions in 

tariffs in 1988 had led to a fall in the real price of both locally produced and imported 

PMVs (IC, 1990). These moderate successes led to further arrangements for the 

periods towards the year 2000.93 

 

With the decline in government assistance, the Australian automotive industry 

experienced many challenges that appear to be linked with several internal and 

external factors. The internal factors included small domestic market, a highly 

inflexible labour market driven by rigid industrial relations regime, and lack of 

investment in innovative technology and R&D activities. Among the external factors 

were the emergence of low cost competitors, the appreciation of the Australian 

dollar, and purchasing strategies driven by the issues affecting overseas parents. The 

lack of visionary leadership and management commitment to expand markets also 

appear to have contributed to poor international competitiveness of the Australian 

automotive industry. 

 

Changing consumer preferences has led to an increase in demand for smaller cars 

and for large luxury PMVs and SUVs. Rising fuel prices, more environmentally 

conscious consumers, the increasing affordability of such vehicles and measures94 to 

reduce vehicle emissions may have partly contributed to the new sales growth in the 

light car segment. However, the growth in the large and luxury PMV and luxury 

SUV segments of the market suggests that rising fuel prices may not be the most 

significant factor behind the sales drop of large PMVs (Bracks, 2008). 

 

The table in Appendix 5 presents Australian production, import and export of motor 

vehicles in units and percentage terms for the period 1980-2008. 

                                                 

93 Reduction of tariffs to 15 per cent by year 2000, further expansion of the EFS to retain the 15 per 
cent entitlement to duty free imports, improvement of labour productivity with close cooperation of 
trade unions and working towards greater union amalgamation within APMVI. 
94 Such as new fuel quality standards and new vehicle technologies and vehicle abatement 
technologies and Green Car Innovation Fund. 
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3.6 Key Performance Indicators in the Australian Automotive 

Industry 

 

The process of liberalisation posed many challenges and opportunities to the 

Australian automotive industry. The industry was being increasingly rationalised and 

integrated, making profound changes in the relationships within the industry. 

Globalisation of model design and production provided vehicle producers greater 

choice in component sourcing and the locations wherein they design vehicles. 

Innovative products that satisfied changing consumer preferences and a competitive 

cost base became essential for expanding the industry’s capacity to address global 

challenges. 

 

The motor vehicle and motor vehicle part manufacturing industry accounts for 

almost six per cent of manufacturing employment (ABS 6291.9, 2008) and the 

contribution to VA to the sector totalled about $5.6 billion, representing 5.6 per cent 

of the manufacturing sector’s VA and 0.6 per cent of GDP (ABS 8221.0, 2008). The 

Australian manufacturing industry showed growth in 2006–07 when compared to 

2005–06. VA increased by about nine per cent. 

 

The key performance of the ANZSIC 231 sector is reported in Table 3.4 while Table 

3.5 documents the key performance indicators of the ANZSIC 2311 sub-sector. 

 

3.6.1 Value Added and Labour and Capital Inputs 

 

During the pre-reform period (1962–1984), average annual VA in real terms was 

about $1,200 million in the ANZSIC 231 sector, while during the post-reform period 

(1985–2008) the annual average VA was about $4,800 million. The annual average 

labour input was about $450 million for the pre-reform period compared with about 

$2,900 million for the post-reform period. Compared to about $120 million of annual 

average capital input during the pre-reform period, the annual average during the 

post-reform period was about $790 million. Thus, significant annual averages in VA, 

labour and capital input is noted in the post-reform period compared with the 

averages during the pre-reform period. 
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In the ANZSIC 231 sector, the VA grew 7.3 times during the pre-reform period 

compared with the VA in 1962, the VA growth for the pre-reform period being about 

$2.5 billion. For the same period, labour and capital inputs grew 24 times and nine 

times compared with their 1962 base inputs, with the total growth of labour and 

capital inputs being about $1.2 billion and 0.3 billion respectively. During the post-

reform period, the VA grew only about 0.6 times, while labour and capital inputs 

almost doubled. The growth in VA, labour and capital inputs for the same period was 

about $1.8, 1.9 and 0.4 billion respectively. As evident, the percentage growth of 

VA, and labour and capital inputs during the post-reform period were lower when 

compared with the percentage growth during the post-reform period. 
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Table 3.4: Key Performance Indicators: ANZSIC 231 Sector 1962–2008 (2007–

08 Prices) 

Year 
Labour 
- $ mil 

Capital 
- $ mil 

Employ
ment 

Persons 

Imports - 
$ mil 

Exports 
- $ mil 

Value Added - 
$ mil 

Turnover 
- $ mil 

Global 
market 
share 

Nominal 
Rate of 

Protection 

1962 48.97 34 58,623 422.29 400.00 336.94 691.41 0.02 35.0 

1963 53.79 32.92 69,722 688.33 500.00 313.4 810.38 0.02 35.0 

1964 64.12 36.16 75,516 785.75 600.00 334.79 986.91 0.02 35.0 

1965 65.35 40.19 81,920 1,195.87 659.74 394.76 1,065.12 0.02 35.0 

1966 63.29 44.8 80,834 1,058.06 581.14 442.26 1,109.22 0.01 45.0 

1967 71.49 50.88 82,122 1,108.42 551.11 469.21 1,226.79 0.02 45.0 

1968 82.31 53.71 87,218 1,746.16 466.32 520.11 1,380.05 0.02 45.0 

1969 94.49 56.53 80,626 1,800.34 423.56 602.43 2,045.94 0.02 45.0 

1970 124.74 69.3 85,996 1,762.05 800.50 822.01 2,638.03 0.02 45.0 

1971 256.3 77.52 87,819 2,071.99 979.97 1,037.35 2,895.25 0.01 45.0 

1972 275.59 68.9 89,641 1,931.61 933.78 1,104.20 2,484.17 0.01 45.0 

1973 302.62 68.45 90,631 1,953.86 715.62 930.33 2,507.43 0.01 33.8 

1974 398.54 83.18 99,663 3,082.23 583.42 910.85 3,154.02 0.01 45.0 

1975 445.34 105.15 89,419 2,834.52 379.57 1,102.85 3,894.73 0.01 45.0 

1976 637.67 129.9 84,604 3,084.13 329.37 1,327.76 4,550.81 0.01 45.0 

1977 653.06 160.56 87,488 2,561.54 309.63 1,495.56 5,958.89 0.01 45.0 

1978 755.76 173.66 81,350 3,137.55 407.67 1,926.81 6,032.60 0.01 57.5 

1979 795.82 184.02 85,013 2,596.48 399.95 1,916.45 6,465.55 0.01 57.5 

1980 920.86 208.91 84,396 3,038.71 442.61 2,024.29 7,696.65 0.01 57.5 

1981 895.22 237.91 76,776 3,481.92 620.50 2,369.97 7,867.17 0.01 57.5 

1982 1,124.89 276.65 80,351 2,842.88 621.64 2,341.85 9,615.32 0.01 57.5 

1983 1,173.13 297.56 71,704 3,624.63 765.47 2,835.62 9,618.42 0.01 57.5 

1984 1,219.99 337.98 66,800 4,495.01 766.56 2,805.71 10,216.62 0.01 57.5 

Pre-Ref 
Average 

457.54 122.99 81,662 2,230.62 575.57 1,233.28 4,126.59 0.01 46.6 

1985 1,604.31 399.51 70,100 4,858.47 842.56 2,898.14 13,490.89 0.01 57.5 

1986 1,837.89 524.54 68,400 4,275.27 857.94 3,762.38 15,777.22 0.01 57.5 

1987 1,831.92 603.93 66,700 3,584.92 1,324.71 4,299.12 15,530.72 0.01 57.5 

1988 1,988.94 619.49 68,876 4,564.55 1,008.50 4,135.24 16,901.37 0.01 45.0 

1989 2,163.70 609.32 75,100 7,141.58 1,232.13 4,380.95 18,199.89 0.01 45.0 

1990 2,331.30 602.26 77,311 6,373.17 1,674.34 4,639.32 19,414.60 0.01 40.0 

1991 2,382.58 624.33 66,238 5,528.13 1,946.36 4,891.37 18,394.62 0.01 37.5 

1992 2,243.64 660.93 58,081 7,258.08 2,140.34 4,556.56 16,529.22 0.01 32.5 

1993 2,375.05 717.02 54,445 8,194.96 2,492.89 3,996.62 15,701.81 0.01 30.0 

1994 2,594.04 783.89 53,915 9,994.34 2,500.33 3,656.51 18,726.64 0.01 27.5 

1995 2,580.49 826.98 55,044 10,158.49 2,625.68 4,300.72 19,993.54 0.01 25.0 

1996 2,749.51 889.29 55,817 10,829.21 3,339.74 4,443.40 19,948.56 0.01 22.5 

1997 2,936.44 903.5 55,232 12,597.64 4,053.65 4,824.65 20,765.51 0.01 20.0 

1998 2,728.31 942 55,358 14,027.95 3,673.51 5,836.77 21,052.92 0.01 20.0 

1999 2,891.68 986.46 51,520 15,007.00 5,053.37 6,543.22 22,475.90 0.01 17.5 

2000 3,804.51 995.23 54,483 15,591.07 5,808.13 6,050.63 22,793.57 0.01 15.0 

2001 3,519.60 965.53 63,652 14,934.57 6,158.22 4,447.42 30,007.47 0.01 15.0 

2002 3,950.91 929.27 61,886 16,995.06 6,299.69 5,241.76 24,866.77 0.01 15.0 

2003 3,940.71 948.05 66,414 19,409.31 6,399.71 4,913.59 25,827.86 0.01 15.0 

2004 4,010.63 920.53 70,551 21,875.11 6,037.84 5,647.91 27,597.61 0.01 15.0 

2005 3,992.13 901.17 70,804 23,877.39 5,972.53 6,002.26 27,597.72 0.01 10.0 

2006 4,037.53 878.4 64,155 23,416.77 4,914.78 5,606.18 24,817.74 0.00 10.0 

2007 4,028.20 889 67,384 27,944.00 5,112.00 4,895.15 24,727.00 0.00 10.0 

2008 3,525.36 848.91 58,000 29,182.75 5,033.60 4,699.08 21,622.22 0.00 10.0 

Post-Ref 
Average 

2,918.72 790.40 62,894 13,234.16 3,604.27 4,777.87 20,948.39 0.01 27.1 

Sources: Estimated by the author based on ABS, AAI, DIISR, AIM and other sources 
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Table 3.5 shows that during the pre-reform period (1962–1984), the annual average 

VA in the ANZSIC 2311 sub-sector was almost $0.9 billion while during the post-

reform period (1985–2008) the annual average was virtually $3 billion. The annual 

average labour input for the pre-reform period was about $0.2 billion compared with 

about $1.3 billion for the post-reform period. Compared to the annual average capital 

input of about $0.75 billion during the pre-reform period, the annual average during 

the post-reform period was about $0.5 billion. Thus, a significant increase in the 

annual averages of VA and labour and capital inputs in this sub-sector is noted in the 

post-reform period. 

 

In the ANZSIC 2311 sub-sector, the VA grew 6.5 times during the pre-reform period 

compared with the VA base value in 1962, the VA growth for the period being about 

$1.7 billion. For the same period, labour and capital inputs grew about 24 times and 

16 times compared with their 1962 base inputs, with the growth of labour and capital 

inputs being about $0.6 billion and 0.2 billion respectively. During the post-reform 

period, the VA grew only about a quarter, while labour grew 0.5 times and capital 

inputs almost doubled, the growth of VA, labour and capital inputs being about $0.6, 

0.4 and 0.3 billion respectively. Therefore, during the post-reform period a 

significant slowing down of the percentage growth of VA and labour and capital 

inputs in the ANZSIC 2311 sub-sector can be noted compared to the percentage 

growth during the pre-reform period. 
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Table 3.5: Key Performance Indicators: ANZSIC 2311 Sub-sector 1962–2008 

(2007–08 Prices) 

Year 
Labour 
- $ mil 

Capital 
- $ mil 

Employ
ment 

Persons 
Imports - 

$ mil 
Exports 
- $ mil 

Value Added - 
$ mil 

Turnover 
- $ mil 

Global 
market 
share 

Nominal 
Rate of 

Protection 

1962 24.00 13.38 19,026 79.92 175.00 262.29 272.03 0.02 35.0 

1963 27.00 12.14 22,693 130.27 200.00 243.69 298.83 0.02 35.0 

1964 32.00 13.05 24,311 148.71 300.00 256.03 356.20 0.02 35.0 

1965 33.00 13.70 25,229 226.33 320.80 302.77 363.08 0.02 35.0 

1966 32.00 14.20 24,381 200.25 280.67 336.55 351.64 0.01 45.0 

1967 36.00 16.47 24,807 209.78 246.30 365.35 397.15 0.02 45.0 

1968 41.00 17.80 25,951 330.48 200.10 398.28 457.26 0.02 45.0 

1969 47.00 14.51 36,363 340.73 190.51 463.46 524.94 0.02 45.0 

1970 62.00 18.20 35,320 333.48 234.76 619.24 693.00 0.02 45.0 

1971 128.00 38.13 37,363 392.14 300.59 764.88 1,423.89 0.01 45.0 

1972 138.00 42.46 38,528 365.58 248.50 814.17 1,531.07 0.01 45.0 

1973 151.00 45.90 40,149 369.79 181.69 685.97 1,681.23 0.01 33.8 

1974 199.00 58.39 41,148 583.34 133.40 671.61 2,214.12 0.01 45.0 

1975 223.00 66.79 37,570 887.14 104.16 813.18 2,474.10 0.01 45.0 

1976 319.00 101.12 36,653 371.29 107.67 979.01 3,542.63 0.01 45.0 

1977 327.00 97.76 36,546 840.73 127.33 1,102.74 3,628.09 0.01 45.0 

1978 378.00 120.86 45,458 694.09 134.94 1,420.72 4,198.64 0.01 57.5 

1979 398.00 125.84 46,372 714.17 154.21 1,413.08 4,421.19 0.01 57.5 

1980 460.00 138.86 42,910 612.60 119.09 1,454.91 5,115.91 0.01 57.5 

1981 448.00 150.40 35,279 742.69 116.33 1,646.12 4,973.42 0.01 57.5 

1982 562.00 179.81 36,593 743.63 37.23 1,564.71 6,249.38 0.01 57.5 

1983 587.00 201.62 33,862 782.07 119.67 1,922.45 6,517.36 0.01 57.5 

1984 610.00 224.22 30,000 825.83 58.80 1,960.33 6,777.72 0.01 57.5 

Post-ref 
Av 

228.78 75.03 33,761 475.00 177.90 889.63 2,541.86 0.01 46.6 

1985 802.00 263.94 31,000 1,004.85 93.32 1,993.34 8,912.81 0.01 57.5 

1986 919.00 339.46 27,700 787.36 164.00 2,563.03 10,210.49 0.01 57.5 

1987 916.00 395.76 28,375 630.08 342.05 2,914.10 10,177.36 0.01 57.5 

1988 994.00 405.01 29,070 1,009.26 56.64 2,798.04 11,049.64 0.01 45.0 

1989 1,082.00 402.44 33,400 1,546.97 177.67 2,970.35 12,020.54 0.01 45.0 

1990 1,166.00 401.77 34,774 1,394.44 954.01 3,159.53 12,951.64 0.01 40.0 

1991 1,125.00 423.45 30,228 1,416.05 869.57 3,328.62 12,476.15 0.01 37.5 

1992 1,037.00 455.69 26,402 1,926.53 815.51 3,135.16 11,396.32 0.01 32.5 

1993 1,131.00 472.75 22,896 2,100.80 1,055.15 2,800.17 10,352.49 0.01 30.0 

1994 1,229.00 543.74 22,559 2,588.75 938.01 2,487.16 12,989.69 0.01 27.5 

1995 1,138.00 560.88 22,477 2,742.88 958.00 3,051.40 13,560.22 0.01 25.0 

1996 1,177.00 578.87 20,872 2,965.72 1,503.32 3,114.63 12,985.23 0.01 22.5 

1997 1,264.00 594.47 20,330 3,714.42 1,887.74 2,822.94 13,662.88 0.01 20.0 

1998 1,049.00 608.67 19,719 3,961.52 1,833.93 3,759.81 13,603.13 0.01 20.0 

1999 1,018.00 637.62 17,802 4,128.00 2,709.20 4,226.22 14,527.71 0.01 17.5 

2000 1,747.00 613.11 16,519 10,275.94 3,314.05 3,870.47 14,041.80 0.01 15.0 

2001 1,730.00 653.50 23,243 9,835.77 4,046.40 2,173.56 20,309.82 0.01 15.0 

2002 1,915.00 564.48 25,588 11,863.29 4,002.05 2,705.36 15,105.19 0.01 15.0 

2003 1,806.00 548.99 26,606 13,890.17 3,949.39 2,597.10 14,956.16 0.01 15.0 

2004 1,876.00 535.98 28,100 15,973.11 3,565.25 2,949.89 16,068.76 0.01 15.0 

2005 1,859.00 512.90 27,800 17,782.01 3,676.56 3,211.01 15,707.31 0.01 10.0 

2006 1,851.00 497.48 27,108 17,535.84 3,082.30 3,078.99 14,055.48 0.01 10.0 

2007 1,847.00 504.16 26,135 20,909.00 3,246.00 2,569.72 14,023.00 0.01 10.0 

2008 1,222.00 537.36 10,294 22,236.47 3,510.65 2,466.79 12,866.94 0.01 10.0 

Post-ref 
Av 

1,329.17 502.19 24,958 7,175.80 1,947.95 2,947.81 13,250.45 0.01 27.0 

Sources: Estimated by the author based on ABS, AAI, DIISR, AIM and other sources 
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3.6.2 Output, Export and Import 

 

Data in Tables 3.4 show that the industry turnover in the ANZSIC 231 sector rose by 

about 14 times during the pre-reform period (1962–1984) while the rise during the 

post-reform period (1985–2008) was limited to 60 per cent. The number of persons 

employed by the industry sector rose almost 14 per cent during the pre-reform period 

but fell by about 17 per cent during the post-reform period. Conversely, labour 

earnings went up 24 times during the pre-reform period and continued to increase 

120 per cent during the post-reform period. During the pre-reform period, fixed 

capital stock employed by the industry sector expanded almost nine times while 

during the post-reform period the expansion was limited to about 112 per cent. These 

circumstances may clarify the seven times growth of the valued added during the 

pre-reform period and the 62 per cent rise in the VA during the post-reform period. 

In the pre-reform period, exports grew by about 90 per cent and imports grew by 

almost nine times (though starting from a higher base). Despite productivity 

fluctuations, data for the post-reform period indicate both exports and imports 

expanding almost five times. 

 

For the pre-reform period (1962–1984) the annual average turnover of the ANZSIC 

231 sector was about $4 billion while in the ANZSIC 2311 sub-sector the annual 

average was about $2.5 billion. In the same period, the annual average exports of the 

motor vehicle and motor vehicle part manufacturing sector was almost $0.6 billion 

while the annual average exports of the motor vehicle manufacturing sub-sector was 

about $0.2 billion. The annual average imports for the same period for the motor 

vehicle and motor vehicle part manufacturing sector was about $2.2 billion while the 

annual average for the motor vehicle manufacturing sub-sector was about $0.5 

billion. 

 

For the post-reform period (1985–2008) the annual average turnover of the ANZSIC 

231 sector was about $21 billion while in the ANZSIC 2311 sub-sector the annual 

average was about $13 billion. During the same period, the annual average exports of 

the motor vehicle and motor vehicle part manufacturing sector was about $3.6 billion 

while the annual average exports of the motor vehicle manufacturing sub-sector was 

about $1.9 billion. During this period, annual average imports related to the motor 
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vehicle and motor vehicle part manufacturing sector was about $13 billion while the 

annual average imports related to the motor vehicle manufacturing sub-sector was 

about $7 billion. 

 

In the pre-reform period (1962–1984) the turnover of the ANZSIC 231 sector grew 

almost 14 times, while in the post-reform period (1985–2008) the growth was limited 

to about 0.6 times. The growth in turnover for the period was about $9.5 billion and 

$8.1 billion for the two periods respectively. The output of the ANZSIC 2311 sub-

sector expanded nearly 24 times during the pre-reform period but during the post-

reform period the expansion was restricted to about 0.4 times. The total growth in 

turnover for this period was about $6.5 billion and $4 billion respectively. 

 

During the pre-reform period,95 exports for the ANZSIC 231 sector expanded by 

about 0.9 times, the increase for the period being about $0.4 billion. During the same 

period exports for the ANZSIC 2311 sub-sector fell about 0.6 times, the decline 

being about $0.1 billion. In the post-reform period, exports for the motor vehicle and 

vehicle part manufacturing sector rose by about five times, the increase being about 

$4 billion. In the motor vehicle manufacturing sub-sector, exports expanded almost 

35 times, the expansion being about $3.4 billion. 

 

In the pre-reform period (1962–1984) imports for the ANZSIC 231 sector expanded 

by almost ten times with a total rise of about $0.9 billion. In the same period, imports 

in the ANZSIC 2311 sub-sector also rose by about nine times, the rise being about 

$0.9 billion. In the post-reform period, imports for the motor vehicle and vehicle part 

manufacturing sector rose by about five times, the increase being about $24 billion. 

In the motor vehicle manufacturing sub-sector, imports expanded almost 21 times, 

the expansion being about $2.1 billion. 

 

The turnover of both the ANZSIC 231 sector and the ANZSIC 2311 sub-sector 

reached peak levels in the years 2000 and 2001 and then has slowed down. The post-

reform period evidenced exports of both motor vehicle and motor vehicle part 

manufacturing sector and motor vehicle manufacturing sub-sector growing at a more 

                                                 
95 Automotive Exports for the years 1962 to 1964 are estimates as data were not available for this 
period. 
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rapid rate than during the pre-reform period. In both the motor vehicle and motor 

vehicle part manufacturing sector and motor vehicle manufacturing sub-sector, 

exports reached a peak between 2000 and 2005. 

 

Further, imports related to both motor vehicle and motor vehicle part manufacturing 

sector and motor vehicle manufacturing sub-sector evidenced continuous rapid 

growth during the post-reform period. Comparatively, exports in the ANZSIC 231 

sector grew faster than exports in the ANZSIC 2311 sub-sector while imports related 

to the ANZSIC 2311 sub-sector grew much faster than imports related to the 

ANZSIC 231 sector. 

 

During the pre-reform period, labour earnings related to both the ANZSIC 231 sector 

and the ANZSIC 2311 sub-sector increased by an average annual rate of about 104 

per cent. However, employment in the ANZSIC 231 sector grew at an annual 

average rate of less than one per cent and employment in the ANZSIC 2311 sub-

sector grew by an annual average rate of about 2.5 per cent during the same period. 

 

In the post-reform period, labour earnings in the ANZSIC 231 sector grew at an 

annual average rate of about 50 per cent while in the ANZSIC 2311 sub-sector 

labour earnings increased by an average annual rate of about 22 per cent. However, 

employment in the motor vehicle and motor vehicle part manufacturing sector 

diminished at less than one per cent annual average and employment in the motor 

vehicle manufacturing sub-sector contracted by an annual average rate of about three 

per cent. 

 

Chart 3.5 indicates export trends in the ANZSIC 231 sector and the ANZSIC 2311 

sub-sector based on the data set reported in Tables 3.4 and 3.5. In both the ANZSIC 

231 sector and the ANZSIC 2311 sub-sector, a drop in exports is evident in mid-

1970s. Automotive exports begin to pick up in the early 1990s. 
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Chart 3.5: Export Trends in the ANZSIC 231 Sector and the ANZSIC 2311 

Sub-sector 

 

Source: Derived from the data sets in Tables 3.4 and 3.5 

 

Charts 3.6 and 3.7 depict a comparison of labour productivity in the motor vehicle 

and motor vehicle part manufacturing sector and motor vehicle manufacturing sub-

sector made using the data set reported in Table 3.4. 
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Chart 3.6: Employment, Earnings and Capital in the Motor Vehicle and Motor 

Vehicle Part Manufacturing Sector 

 

Source: Derived from the data set in Table 3.4 

 

The capital stock in the motor vehicle and motor vehicle part manufacturing sector 

grew at an average annual rate of about 39 per cent during the period whereas in the 

motor vehicle manufacturing sub-sector capital stock grew at an average annual rate 

of about 69 per cent. In the motor vehicle and motor vehicle part manufacturing 

sector, VA grew by an average of 0.2 per cent annually while in the motor vehicle 

manufacturing sub-sector VA grew at an average annual rate of about 0.4 per cent. 
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Chart 3.7: Employment, Earnings & Capital in the ANZSIC 2311 Sub-sector 

 

Source: Derived from the data set in Table 3.5 

 

During the post-reform period, labour earnings in the motor vehicle and motor 

vehicle part manufacturing sector increased by an average annual rate of about five 

per cent and labour earnings in the motor vehicle manufacturing sub-sector grew at 

an average annual rate of about two per cent. The growth in employment in the 

motor vehicle and motor vehicle part manufacturing sector during this period was at 

an annual average rate of about 0.6 per cent. During this period, in the motor vehicle 

manufacturing sub-sector employment fell at an annual average rate of about 2.7 per 

cent. Capital investment in both motor vehicle and motor vehicle part manufacturing 

sector and motor vehicle manufacturing sub-sectors grew at an annual average rate of 

approximately four to 4.5 per cent. In the motor vehicle and motor vehicle part 

manufacturing sector, VA grew by an average of three per cent annually while in the 

motor vehicle manufacturing sub-sector, VA grew at an average annual rate of about 

2.3 per cent. 

 

Compared to the pre-reform period, both labour earnings and employment grew in 

the post-reform period but only modestly. Capital growth rate during the post-reform 

period had become modest compared with the growth rate during the pre-reform 
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period. Nevertheless, the average annual VA growth in the post-reform period was 

higher than the average annual VA growth rate in the pre-reform period. 

 

3.6.3 Labour Productivity 

 

Through the period 1962 to 2008, general trends in the key performance indicators of 

both motor vehicle and motor vehicle part manufacturing sector and motor vehicle 

manufacturing sub-sector attest to the fact that the number of persons employed 

increased in general up to late 1970s and then continuously fell since then. However, 

labour earnings during the same period saw dramatic rises, commencing at the end of 

1960s and continuing until the end of the study period. This may be an indicator that 

the workforce employed by the industry becoming increasingly more skilled over the 

entire period while industry reforms may have supported this trend. 

 

As discussed previously, an increase in output per unit of labour does not distinguish 

between actual improvement in labour efficiency and growth in output due to an 

increased use of intermediate inputs and capital goods. The improvement captured by 

the labour productivity index is larger than ‘actual’ labour productivity because part 

of the improvement is made possible by an increase in capital intensity. 

 

Charts 3.9 and 3.10 depict a comparison of labour productivity in the motor vehicle 

and motor vehicle part manufacturing sector and motor vehicle manufacturing sub-

sector made using three partial indicators, that is, output in terms of the number of 

vehicles per person employed; output in terms of the number of vehicles per $1,000 

of labour earnings; and industry dollar output per dollar of labour earnings. The 

number of vehicles built per person employed by the industry as a whole motor 

vehicle and motor vehicle part manufacturing shows a continual, gradual but 

marginal increase through the entire period of the study. In the motor vehicle 

manufacturing sub-sector, this index has fallen during the period 1962 to 1980, 

discontinuously risen until 2000, and then fallen again until 2006. 
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When the same index is assessed using the number of vehicles output per $1,000 of 

labour earnings, a different picture emerges. In the motor vehicle and motor vehicle 

part manufacturing sector, this index has risen until the end of 1970s, dramatically 

fallen until 1976, stabilised until about 1990 and then commenced diminishing again. 

In the motor vehicle manufacturing sub-sector this index has been stable until 1992, 

and then vacillates around the average pre-1990 value. Despite the continuity and 

fluctuations of this index, the result does not support the hypothesis of a structural 

break as a result of the introduction of the Button industry policy reforms in 1984. 

 

Chart 3.8: Labour Productivity in the ANZSIC 231 Sector 

 

Source: Derived from the data set in Table 3.4 

 

The assessment of the labour productivity index using the number of vehicles per 

$1,000 of labour earnings, the study finds that during the period 1962 to 1971, both 

the motor vehicle and motor vehicle part manufacturing sector and the motor vehicle 

manufacturing sub-sector initially experienced a sharp fall, and then continued to 

gradually fall. Nevertheless, the findings do not provide conclusive evidence of a 

break in labour productivity as a result of the introduction of liberalisation policy 

calculus in 1984. 
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Chart 3.9: Labour Productivity in the ANZSIC 2311 Sub-sector 

 

Source: Derived from the data set in Table 3.5 

 

Similarly, trends shown in Charts 3.10 and 3.11 indicate that the industry turnover 

has continued to increase during the entire period being studied. In the motor vehicle 

and motor vehicle part manufacturing sector and the motor vehicle manufacturing 

sub-sector, the growth in turnover was mild until 1970 and then increased at a rapid 

rate until 1990, continued to increase at a less rapid rate until 2004, and then 

commenced its downward drift. The performance index, VA, also confirms this trend 

in the whole industry sector. The growth trend commenced in the 1960s, reinforced 

during the period of high protection, and then stabilised after the introduction of the 

trade liberalisation reforms. 
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Chart 3.10: Turnover, NRP, VA, Exports & Imports in the ANZSIC 231 Sector 

 

Source: Derived from the data set in Table 3.4 

 

The emergence and growth of automotive imports and exports seem to have taken a 

different pattern. During the period 1962 to 1987, the imports in the motor vehicle 

and motor vehicle part manufacturing sector continued to increase at a steady rate 

and then sharply increased for the rest of the study period. A similar inclination is 

shown by the automotive imports in the motor vehicle manufacturing sub-sector with 

the difference that since 1999 imports have risen sharply. 
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Chart 3.11: Turnover, NRP, VA, Exports & Imports in Motor Vehicle 

Manufacturing Sub-sector 

 

Source: Derived from the data set in Table 3.5 

 

In the ANZSIC 231 sector, automotive exports were steady from 1965 to 1971, fell 

until 1976, continued at the same rate until 1989, and then commenced rising until 

2001 and reaching a plateau. In the motor vehicle manufacturing sub-sector, 

automotive exports have been stable until 1986, increased at a rapid rate until 2003, 

and then reached a plateau. It is noted that during the period of high tariff protection, 

that is, from 1962 to 1975, automotive exports were steady or continued to increase 

in both the ANZSIC 231 sector and the ANZSIC 2311 sub-sector. Nonetheless, 

during the period of peak industry protection, i.e., from 1975 to 1987, motor vehicle 

and motor vehicle part manufacturing exports almost collapsed while the motor 

vehicle manufacturing exports were at a steady state. From 1989 onwards, exports 

started to take off again. 

 

This finding seems compatible with the hypothesis that liberalisation reforms 

introduced in 1984 had a delayed positive impact on automotive imports and exports 

with a noticeable structural break evident around the end of the 1980s and the 

beginning of 1990s. 
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However, the findings as a whole do not seem to provide evidence of a major 

structural change in the Australian automotive industry following the introduction of 

the liberalisation policy calculus in 1984. 

 

The pre-reform period was characterised by high tariff and other protectionist 

measures, import restrictions and restrictive regulations. This high protection period 

for the Australian automotive industry came to a peak in the period from 1978 to 

1987 with a nominal rate of protection (NRP) of 57.5 per cent applying. In general, 

capital inputs grew much faster than labour inputs in both the ANZSIC 231 sector 

and the ANZSIC 2311 sub-sector. This growth was higher in the ANZSIC 2311 sub-

sector than in the ANZSIC 231) industry sector. The effects of gradual disbandment 

of the protectionist policy framework since 1985 may be reflected in the growth of 

exports and imports and slowing down of the average annual growth rates in terms of 

labour earnings. 

 

The modest employment and VA growth may indicate the effects of global 

competition on the automotive industry production environment. The slowing down 

of the average annual growth rate of turnover and fixed capital may be attributed to 

the nascent Australian automotive industry experiencing over capitalisation in the 

pre-reform period, and reaching its maturity, and subsequent slowdown of 

investment in the post-reform period. 

 

3.7 Conclusion 

 

The Australian automotive industry has witnessed structural changes over the years. 

There has been a significant rise in production and exports of the motor vehicle and 

motor vehicle part manufacturing sector and the motor vehicle manufacturing sub-

sector. In 2008, the Australian automotive industry as a whole employed about six 

per cent of the total manufacturing work force (ABS 6105, 2010). While the 

Australian automotive industry was highly protected until the mid-1980s, there has 

been a significant decline in the effective rate of protection (ERP), which has fallen 

from 123.5 per cent in the mid-1980s to 11.9 per cent by 2008. 
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The government policies in the pre-Button Plan era (pre-1984) determined the level 

of government protection by what the industry was in need. Within the industry, 

these policies entrenched an inward orientation. However, reduced protection has 

also driven out inefficient plants and manufacturing practices. Even the three plants 

that remain today can still undergo rationalisation and consolidation. The process of 

trade liberalisation has caused the Australian automotive industry to extensively 

rationalise and consolidate while making the remaining automotive producers more 

productive, competitive and export-oriented. 

 

The Australian automotive industry now operates in an increasingly competitive 

global environment and faces competition not only from traditional automotive 

producers, but also from newly emerging economies in Asia and Latin America. The 

Australian vehicle market has also become extremely competitive. Some producers 

have taken advantage of their expertise in producing low volume components for 

export. 

 

The international competitiveness of APMVI depends significantly on the extent to 

which it can further improve productivity relative to its overseas competition. If it 

can improve its productivity further, then it will stand a greater chance of 

maintaining its market share in the face of falling tariffs. Further increases in 

productivity seem to represent the way to improve international competitiveness of 

the motor vehicle industry. The government’s policy goal in the post-Button era 

(1984–2008) to manage the transition to new low-tariffs regime has been 

accomplished to a greater extent. The focus now is on post-2010 industry policy 

arrangements, which are driven by what the global automotive market needs and how 

the Australian automotive industry accommodates the needs of the global market. 

 

Chapter 4 will outline models and hypotheses, examine the impact policy reforms 

had on productivity, interpret productivity performance and present the determinants 

of productivity of the ANZSIC 231 sector and the ANZSIC 2311 sub-sector within 

the industry. 
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Chapter 4:  Productivity Performance of 

the Australian Automotive Industry 

 

 

4.1 Introduction 

 

The purpose of this chapter is to investigate the effects of policy reforms on 

productivity performance of the ANZSIC 231 sector, and the ANZSIC 2311 sub-

sector within the industry. The chapter is structured as follows: Section 4.2 presents 

the analytical framework for productivity growth estimates. Section 4.3 discusses the 

database used in TFP growth estimates. Section 4.4 reports and analyses the results 

of the determinants of productivity growth. Section 4.5 concludes the chapter. 

 

4.2 Measurement of Productivity: An Analytical Framework 

 

In 1956, Robert Solow developed a model that represented a simplified but powerful 

framework for the analysis of causes and dynamics of economic growth. He then 

published a paper in 1957, entitled ‘Technological Change and the Aggregate 

Production Function’, in which the rate of growth of aggregate production is 

represented as a combination of the contributions of growth rates of the production 

factors: physical capital, labour and technological change (or TFP). Solow’s 

production function specification with Hicks-neutral technology was: 

 

Y
 	= A
. F[K
, L
] 
 

Where Y
 = aggregate production or output, K
 = stock of physical capital used in 

production, L
 = labour input, A
 = the level of technology, and t represents the time 

of measurement of each of the above factors (Ganev, 2005). 

 

According to Solow (1957), output growth that is not explained by weighted average 

growth in inputs is productivity growth (or TFP growth). Grosskopf (1993, p.160) 

defines productivity growth as: 
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The net change in output due to change in efficiency and technical change, 
where the former is understood to be the change in how far an observation is 
from the frontier of technology and the latter is understood to be shifts in the 
production frontier. 

 

While labour productivity and capital productivity are often used to measure the 

productivity of labour and capital, they are only partial measures of efficiency and 

they may not reflect actual improvements in productivity (Bartelsman & Doms, 

2000; Baier, Dwyer & Tamura, 2005; Huang, 2002). For example, labour 

productivity, which represents an increase in output per unit of labour, does not 

distinguish between actual improvement in labour efficiency and growth in output 

due to the increased use of intermediate inputs and capital goods. The improvement 

captured by labour productivity index could be larger than ‘actual’ labour 

productivity because part of the improvement may have been made by an increase in 

capital inputs. Likewise, capital productivity estimates do not consider the 

contribution to output growth made by increased availability of intermediate inputs 

or labour. In the context of examining the effects of policy reforms on productivity 

growth, this distinction is particularly important. 

 

Given the limitations of labour and capital productivity, TFP is considered a better 

indicator of efficiency as it takes into account weighted average growth in inputs 

(labour, capital and intermediate inputs) in estimating productivity performance. TFP 

can be measured in value added (VA) and/or gross output terms. In this study, we 

estimate TFP growth in VA terms, using the production function technique. 

 

When purchases of intermediate inputs are deducted from gross output, a measure of 

VA can be obtained. As such, VA is a net measure; however, it may not be 

considered a net measure in the sense that it includes the value of depreciation or 

consumption of fixed capital. A VA function provides the maximum amount of VA 

that can be produced, given a set of primary inputs and given prices of intermediate 

inputs and output. VA corresponds to the income generated by primary inputs of 

production, i.e., labour and capital plus any net taxes on production. 

 

However, a major drawback of the VA approach is that it assumes material inputs are 

separable from other inputs and cannot be sources of productivity growth 
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(O’Mahoney & van Ark, 2003). It should also be noted that estimation of TFP 

growth, using a VA approach and the restriction of analysis to two factors alone can 

be a source of bias. Implicit in the estimation of TFP growth based on VA 

framework of output are (a) the concept of functional separability (Yuhn, 1991) and 

(b) the ratio of intermediate inputs to total output remains always constant. If the 

assumed strong partial separability of capital and labour input aggregates from other 

inputs do not hold, then the capital and labour factor substitution measures developed 

using the VA framework would produce biased estimates of productivity growth. 

 

The ratio of intermediate inputs to total output declines with technological 

improvement, better inventory management practices and substitution of 

intermediate inputs and primary inputs with better quality inputs. Therefore, the 

omission of intermediate inputs from the production function produces biased 

estimates (Sharma, Jayasuriya & Oczkowski, 2000). 

 

Many empirical studies have investigated measurement of technical change and TFP 

growth in industries. Diewert (1981) classifies the various approaches used in these 

investigations into 1) parametric estimation of production and cost functions, 2) non-

parametric indices, 3) exact index numbers, and 4) non-parametric methods using 

linear programming. 

 

The Divisia index has been widely used in the non-parametric approach, as a 

convenient measure of TFP growth. An important feature of the Divisia measure of 

TFP growth is that it coincides with the technical change when the underlying 

technology is homogeneous (constant returns to scale). However, empirical studies 

on production functions based on panel data do not support constant returns to scale 

technology. If this property does not hold, TFP growth becomes a mixture of 

technical change and scale effects. In the case of non-constant returns to scale 

technology, decomposition of TFP growth into its sources requires knowledge of 

scale effects, which require econometric estimation of parametric functions 

(Heshmati & Kumbhakar, 2010). 

 

As mentioned earlier, this study assumes the Cobb-Douglas form for the VA 

production function. An alternative to the use of Cobb-Douglas function would be to 
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use a translog function, which is more flexible and attractive in theory because it is 

less restrictive (Arnold, 2005), though in practice, the restriction of the production 

function to the Cobb-Douglas form does not tend to make much of a numerical 

difference. Further, the Cobb Douglas function makes it easier to determine whether 

the estimated coefficients and the resulting returns to scale would be broadly in line. 

 

We assume the two-factor Cobb-Douglas production function of the form: 

 

:�; = �; ∗ �; ∗ �; 

 

:�; is a measure of output in the form of VA, while �; and �; represent the usage of 

labour and capital respectively. �; represents the TFP because it increases marginal 

productivity of all factors simultaneously. A specification where real output is 

regressed on labour, capital and materials avoids the assumption of additive 

separability of material inputs and is less restrictive. The final choice of specification 

may depend on the nature of the data used. 

 

The above production function transformed into logarithms allows linear estimation. 

A standard production function estimation equation will take the form: 

<; = =>�; +	?=; +	@A; +	B; 
 

Where β + γ = 1 would imply constant returns to scale. 

 

Given this equation, one can calculate an estimate for the error term ut, provided the 

coefficients are consistently estimated. The residual of this equation, =>�;, is the 

logarithm of industry specific TFP. 

 

To estimate TFP growth, a production function with constant returns to scale is 

specified in which VA (:�;) is a function of labour (�;) and capital (�;) in the 

Australian automotive industry at a specific time t. 

 

:�; 	= 	E��;, �;�        (1) 

Where 
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:�; = total VA 

�; = total labour input 

�; = total capital input 

t = the point of time in consideration 

 

We obtain the value shares of each input for the Australian automotive industry as 

follows: 

 

:F; =	 ��;�	/	�:�;�        (2) 

:H; =	 ��;�	/	�:�;� 
where 

:F; = value share of labour input 

:H; = value share of capital input 

 

Under constant returns to scale the value shares of the two inputs sum to one i.e., 

:F; +	:H; 	= 	1 

 

Each individual input used in the Australian automotive industry represents an 

aggregate of the disaggregated components of that input. Thus, �; and �; represent l 

types of labour input, k types of capital input and m types of intermediate inputs. 

 

Therefore, TFP growth (IEJ;) for the Australian automotive industry is defined as 

the rate of output growth with respect to time, holding labour and capital inputs 

constant: 

 

IEJ; 	= 	 KLMNOP
K; 	��;, �;�       (3) 

	
The Divisia index96 may be derived mathematically by differentiating value (i.e., 

price multiplied by quantity) with respect to time to obtain a relative value-weighted 

price change and a relative value-weighted quantity change. These two components 

are defined to be price and quantity indices, respectively. The Divisia index is a 

                                                 
96 The Divisia index of technical change was introduced by Solow (1957). It takes a weighted 
combination of the growth rates of individual factor inputs, where the weights are the respective factor 
input shares. 
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theoretical index. Prices can be recorded only at discrete intervals even if they vary 

continuously with time. A chain index may be regarded as a discrete approximation 

to a Divisia index. Nevertheless, the Divisia index itself does not offer practical 

guidance about how to choose individual links in a chain index. 

 

Under producer equilibrium and constant returns to scale assumptions, TFP growth 

can be expressed as the rate of output growth less the weighted average of the rates 

of growth of labour and capital inputs, where the weights are the value shares of 

corresponding inputs: 

 

IEJ; =	 KLMNOP
K; −	Q:F; 	KLMFPK; 		+	:H;	 KLMHP

K; R	     (4) 

 

Divisia index is based on a time continuum, while data are available at discrete 

points of time. Hence, a discrete approximation to the continuous Divisia index 

number97 is used in estimating productivity change (Denny & Fuss, 1983). Provided 

the average value shares do not vary widely, the transcendental logarithmic 

(translog) index represents a discrete approximation to the continuous Divisia index 

with only a small approximation error. The translog index is a ‘superlative’ index 

number,98 ‘exact’ for a linearly homogenous translog production function and 

satisfies the factor reversal test.99 

 

For two discrete points of time (t) and (t-1) the translog index of VA growth can be 

expressed as: 

)ln :��;� − ln:��;���0 = 	 2IEJ�;� − IEJ�;���3 +	:F;	)=>�; − =>��;���0 +
	:�;�=>�; − =>��;����	        (5) 

where 

:F; =	 �S ):F; +	:F�;���0  

:H; =	 �S 	):H; +	:H�;���0  

                                                 

97. See Hulten (1973), Star and Hall (1976), Denny and Fuss (1983) and Sudit (1995) for a discussion 
on the discrete approximation of the continuous Divisia Index. 
98. A ‘superlative’ index is defined as an index which is ‘exact’ for flexible aggregator functional 
forms, where an aggregator functional form is said to be flexible if it can provide a second order 
approximation to any arbitrary twice continuously differentiable, linearly homogenous function. 
99. The rates of growth of the indices of factor inputs add up to the rate of growth of the value. 
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Equation (5) shows that output growth can be separated into the weighted average 

growth in the two inputs and TFP growth. Therefore, TFP growth can be expressed 

as: 

 

IEJ�;� −	IEJ�;��� =	 T=>:��;� −	=>:��;���U −	T:F;)=>��;� −	=>��;���0 	+
	:H;)=>��;�	 −	 =>��;���0U      (6) 

Accordingly, the translog index of TFP growth is defined as the difference between 

the logarithmic VA and the weighted averages of the logarithmic values of labour 

and capital, where the weights are the average value shares of each input. In this 

study, TFP growth is estimated using the model represented by equation (6).100 

 

4.2.1 Database for Productivity Growth Estimate 

 

In the absence of readily available data on the ANZSIC 231 sector and the ANZSIC 

2311 sub-sector, a significant amount of time was spent in developing database for 

productivity growth estimates. This was a complicated and tedious task. We also 

spent a considerable amount of time in measuring several variables used in this study 

in the absence of disaggregated data. This was done in consultation with the ABS, 

the Australian automotive industry and broader transport and manufacturing industry 

sectors. 

 

The study deploys data for the 1962 and 2008 period and uses industry establishment 

data. The selection of study period is mainly guided by data availability for the 

period. While general qualitative data on the Australian automotive industry are 

available from 1950 onwards the availability of quantitative data are limited and they 

are not in consistent format for the entire study period. For instance, data on vehicle 

production is available since the 1950s, while R&D expenditure data are available 

only from 1985 onwards and they are highly aggregated, which makes it very 

                                                 

100 It should be noted that TFP growth estimates are often based on an assumption of full capacity 
utilization. In reality, this may not be the case, which might be a source of bias (Acemoglu and 
Guerrieri 2006). Inability to estimate the actual labour hours spent in production activities can also be 
a source of bias. Often labour input is measured in terms of number of people employed rather than 
hours spent. Hence, TFP growth estimates can be ambiguous when adequate data at the disaggregated 
level are not available as in the case of the Australian automotive industry. 
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difficult to derive any meaningful results. It is only since the 1990s that the 

disaggregated data on the Australian automotive industry for a large range of 

variables are available. To ensure that we have enough observations to derive any 

meaningful analysis we had to spend a considerable amount of time to extrapolate 

the data. These data limitations should be kept in mind in interpreting our empirical 

results. Appendix 6 presents data sources used in the present study. 

 

4.3 Growth in TFP, Value Added and Primary Inputs 

 

In this section we report growth in VA, primary inputs as well as TFP growth in the 

ANZSIC 231 sector, and the ANZSIC 2311 sub-sector. 

 

4.3.1 Value Added 

 

The VA data used in this study is obtained from the ABS101 and the Australian 

Automotive Intelligence Yearbook (AAIYB, various issues). It is derived by 

deducting opening inventories and intermediate input expenses from the total sum of 

sales and service income of the industry, state assistance to the industry for 

operational costs, own account capital work and closing inventories. Wages, salaries 

and most other labour costs are not taken into account in this calculation. This is the 

most appropriate way of estimating VA (ABS, 2010). 

                                                 
101 The ABS commenced providing VA estimates from 1997–98, replacing industry gross product 
(IGP) as its measure of the industry’s contribution to GDP. The gross value added (GVA) at basic 
prices measures the value that industries add to their intermediate inputs through their economic 
activities. This variable is similar to Value Added but not identical. Production is measured by the 
variable ‘Value Added’. VA represents the value added by the Australian automotive industry to the 
intermediate inputs it uses. Due to the lack of disaggregated GVA/VA data on the ANZSIC 231 sector 
and the ANZSIC 2311 sub-sector, industry estimates are used in this study. 
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4.3.2 Labour Input 

 

The ideal measure of labour input is hours worked by each category of workers 

disaggregated by their sex, age and skill and level of education rather than the total 

number of workers as the number of hours worked by workers could vary over time 

(Rogers, 1998). The labour input growth rate can be obtained by aggregating the 

weighted continuous growth rates of labour of different quality using the earnings for 

each category as weights. Yet, labour input data are not available in such 

disaggregated form. Hence, labour input is measured by the number of workers who 

are paid wages and salaries including capitalised wages. The total number of paid 

workers and their earnings are used as a proxy for labour input. The growth in labour 

input is calculated on this basis. It should be noted that aggregation errors might 

occur because (i) different types of employees are assumed to work the same number 

of hours daily and (ii) different categories of labour are combined into a single 

category. Changes to skill composition over time will introduce bias to the 

measurement of the labour input growth rate. 

 

The level of skill and education of labour force indicates quality of labour employed 

by the industry. The use of the number of technical staff would offer a direct measure 

of the average skill and education level of the labour force. Further, there is a time 

lag between an employee’s school enrolment and entry into labour force. Quality 

improvement in labour input can be expected to lead to improved productivity 

growth. 

 

4.3.3 Capital Input 

 

The measurement of capital input is one of the most problematic issues. The more 

P&E used by each employee, the higher the level of firm automation and the 

expected productivity. Investment by foreign firms will increase the domestic stock 

of capital and enhance production capacity (Egger & Pfaffermayr, 2004). Faster rates 

of turnover of capital stock should lead to higher productivity as current assets of the 

industry, such as inventories of raw materials or finished goods are converted into 

cash inflows. Capital intensity represents an important variable in determining the 

impact of foreign investment.  
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Productivity growth is concerned with the real value of capital utilised during a set 

time period. This is not the same as the capital stock held by the industry. Instead, 

measurement of the flow of capital stock is necessary (Rogers, 1998). A capital stock 

series can be created by adding up the investment in different assets over time, 

allowing for depreciation, maintenance and inflation in asset prices. Assuming the 

flow of capital stock is a constant fraction of the capital stock, a price for each 

component of capital stock can be calculated by using the price of relevant capital 

goods. A single capital flow and price can be worked out using an appropriate index. 

However, the data requirements for such an exercise are enormous and almost 

impossible to achieve in reality. 

 

Capital input can be estimated using data on the consumption of fixed capital as 

reported in the Australian System of National Accounts, or using the perpetual 

inventory method.102 Nevertheless, there are no disaggregated data on inventories 

available for the Australian automotive industry (only aggregated chain volume 

measures for changes in inventories for private non-farm manufacturing are 

available). 

 

Following the OECD Manual on capital stock measurement (OECD, 2001), Triplett 

(1996) and Jorgenson (1996), this study uses capital stock data as reported in the 

Australian System of National Accounts. It makes allowance for consumption of 

fixed capital, or depreciation by reference to the historic cost of assets that 

effectively involve using a mixture of prices. This is the most appropriate indicator 

of capital stock. 

 

The table in Appendix 7 provides the growth ($ millions) in VA, labour input and 

capital input in the ANZSIC 231 sector for the overall period (1962–2008). During 

the pre-reform period, average annual VA growth was about $112 million while 

during the post-reform period the annual average VA growth was about $79 million. 

                                                 

102 In the perpetual inventory method capital stock is estimated by depreciating the existing capital 
stock and adding yearly investment flow to it. To estimate capital stock using this method, a base year 
capital stock and annual investment data are needed. In the case of Australian automotive industry, 
these data is not available for the period considered in this study. 
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The annual average labour input growth was about $53 million during the pre-reform 

period while for the post-reform period the annual average growth was about $96 

million. Compared to an annual average capital input growth of about $13 million 

during the pre-reform period, the annual average growth during the post-reform 

period was about $21 million. Thus, significant annual average growths in labour and 

capital input are noted in the post-reform period compared with the growths during 

the pre-reform period. It is also noted that the growth in VA in the pre-reform period 

is higher than the growth during the post-reform period. 

 

During the pre-reform period the total automotive industry turnover rose about 14 

times, the number of persons employed by the ANZSIC 231 sector rose by about 14 

per cent while labour earnings (expenditure) rose by about 24 times, when compared 

with data for the base year 1962. During this period, fixed capital stock employed by 

this industry sector rose by about nine times. This scenario may clarify the marginal 

increase in the VA for this period. During the pre-reform period, exports dropped by 

about 18 per cent while imports increased about ten times. Interpretation of this data 

is hindered as categories of motor vehicle and parts manufacturing included under 

classifications transport equipment and parts and machinery and equipment and 

parts have changed over the years in compiling industry export statistics. 

 

Table in Appendix 8 provides the growth ($ millions) in VA, labour input and capital 

input in the ANZSIC 2311 sub-sector for the overall period (1962–2008). During the 

pre-reform period, the VA in this sub-sector grew at an annual average of about $77 

million, while during the post-reform period the annual average growth was about 

$21 million. The annual average growth in labour input for the post-reform period 

was about $25 million when compared with the annual average growth of about $26 

million for the post-reform period. Compared with the average annual capital input 

growth of about $10 million during the pre-reform period, the annual average growth 

during the post-reform period was about $13 million. Accordingly, a significant drop 

in the annual average growth in VA is noted, while the annual average growth in 

labour input remained almost the same for both periods. However, the annual 

average growth in capital input during the post-reform period was about 50 per cent 

more than the annual average growth during the pre-reform period. 
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Table 4.1 provides growth in VA, labour and capital inputs in the ANZSIC 231 

sector for the entire period 1962–2008. 

 

During the pre-reform period, in the ANZSIC 231 sector, the average annual VA 

grew at a rate of about 10 per cent, while during the post-reform period the average 

annual VA growth rate was about 0.2 per cent. In the pre-reform period, labour input 

grew at an annual average rate of about 15 per cent, while in the post-reform period 

this growth rate was about four per cent. 

 

Capital input grew at an annual average rate of about 10 per cent in the pre-reform 

period and in the post-reform period, it grew at an annual average rate of about four 

per cent. Thus, significant average annual growth rates in VA, labour and capital 

input are noted in the ANZSIC 231 sector in the pre-reform period as compared with 

their average annual growth rates during the post-reform period. This appears to be 

due to increased competition in the post-reform period, which may have forced the 

industry to be efficient by reducing labour and capital. 
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Table 4.1: Growth (%) in Value Added, Labour Input and Capital Input in 

the ANZSIC 231 Sector 1962–2008 

Year VA Growth Labour Growth Capital Growth 

1962 - - - 
1963 -7.24 9.4 -3.23 
1964 6.6 17.56 9.37 
1965 16.48 1.91 10.59 
1966 11.36 -3.2 10.86 
1967 5.92 12.17 12.72 
1968 10.3 14.09 5.42 
1969 14.69 13.8 5.11 
1970 31.08 27.77 20.36 
1971 23.27 72.01 11.21 
1972 6.25 7.26 -11.79 
1973 -17.13 9.36 -0.65 
1974 -2.12 27.53 19.49 
1975 19.13 11.1 23.44 
1976 18.56 35.9 21.14 
1977 11.9 2.38 21.2 
1978 25.34 14.61 7.84 
1979 -0.54 5.16 5.8 
1980 5.47 14.59 12.68 
1981 15.77 -2.82 13 
1982 -1.19 22.84 15.09 
1983 19.13 4.2 7.29 
1984 -1.06 3.92 12.74 

Pre-reform average 9.64 14.62 10.44 

1985 3.24 27.38 16.73 
1986 26.1 13.59 27.23 
1987 13.34 -0.33 14.09 
1988 -3.89 8.22 2.54 
1989 5.77 8.42 -1.66 
1990 5.73 7.46 -1.17 
1991 5.29 2.18 3.6 
1992 -7.09 -6.01 5.7 
1993 -13.11 5.69 8.15 
1994 -8.89 8.82 8.92 
1995 16.23 -0.52 5.35 
1996 3.26 6.34 7.26 
1997 8.23 6.58 1.59 
1998 19.04 -7.35 4.17 
1999 11.43 5.82 4.61 
2000 -7.83 27.43 0.89 
2001 -30.78 -7.78 -3.03 
2002 16.43 11.56 -3.83 
2003 -6.47 -0.26 2 
2004 13.93 1.76 -2.95 
2005 6.09 -0.46 -2.13 
2006 -6.83 1.13 -2.56 
2007 -13.56 -0.23 1.2 
2008 -4.09 -13.33 -4.61 

Post-reform average 2.15 4.42 3.84 
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Table 4.2 provides growth in VA, labour input and capital input in the ANZSIC 2311 

sub-sector for the entire period (1962–2008). In this sub-sector, the average annual 

VA growth rate was about 10 per cent during the pre-reform period, while in the 

post-reform period the average annual VA growth rate was about 10 per cent. In the 

pre-reform period, labour input grew at an annual average rate of about 15 per cent 

while in the post-reform period this growth rate was about three per cent. Capital 

input grew at an annual average rate of about 13 per cent in the pre-reform period, 

whereas its annual average rate of growth in the post-reform period was about four 

per cent. 

 

Quite similar to the average annual growth rates in the ANZSIC 231 sector, the 

ANZSIC 2311 sub-sector also underwent significant average annual growth rates in 

VA, labour and capital input during the pre-reform period in comparison to the 

average annual average growth rates in the post-reform period. This reduction 

appears to have been caused by the reduced domestic production due to increased 

competition during the post-reform period. The Australian automotive industry 

seems to have been forced to become more productive by reducing labour and 

capital. 
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Table 4.2: Growth (%) in Value Added, Labour Input and Capital Input in 

the ANZSIC 2311 Sector 1962–2008 

Year VA Growth Labour Growth Capital Growth 

1962 - - - 
1963 4.94 11.78 -9.73 
1964 16.77 16.99 7.23 
1965 10.58 3.08 4.86 
1966 8.21 -3.08 3.58 
1967 8.63 11.78 14.83 
1968 15.16 13.01 7.77 
1969 28.98 13.66 -20.44 
1970 21.12 27.7 22.66 
1971 6.25 72.49 73.96 
1972 -17.13 7.52 10.76 
1973 -2.12 9 7.79 
1974 19.13 27.6 24.07 
1975 18.56 11.39 13.44 
1976 11.9 35.8 41.48 
1977 25.34 2.48 -3.38 
1978 -0.54 14.49 21.21 
1979 2.92 5.16 4.04 
1980 12.35 14.48 9.85 
1981 -5.07 -2.64 7.98 
1982 20.59 22.67 17.86 
1983 1.95 4.35 11.45 
1984 1.67 3.84 10.62 

Pre-reform average 9.55 14.71 12.81 

1985 25.14 27.36 16.31 
1986 12.84 13.62 25.16 
1987 -4.06 -0.33 15.35 
1988 5.98 8.17 2.31 
1989 6.17 8.48 -0.64 
1990 5.21 7.48 -0.17 
1991 -5.99 -3.58 5.26 
1992 -11.3 -8.15 7.34 
1993 -11.85 8.68 3.68 
1994 20.45 8.31 13.99 
1995 2.05 -7.69 3.1 
1996 -9.83 3.37 3.16 
1997 28.66 7.13 2.66 
1998 11.69 -18.64 2.36 
1999 -8.79 -3 4.65 
2000 -57.7 54.01 -3.92 
2001 21.89 -0.98 6.38 
2002 -4.08 10.16 -14.64 
2003 12.74 -5.86 -2.78 
2004 8.48 3.8 -2.4 
2005 -4.2 -0.91 -4.4 
2006 -18.08 -0.43 -3.05 
2007 -4.09 -0.22 1.33 
2008 -2.83 -41.31 6.38 

Post-reform average 0.77 2.89 3.64 

 

  



 

104 

 

4.4 TFP Growth 

 

This section presents TFP growth estimates for the ANZSIC 231 sector and the 

ANZSIC 2311 sub-sector within the industry. 

 

As discussed in Section 4.2, an estimation of productivity growth using the VA 

approach in equation (6) requires estimation of the growth in output, capital input, 

labour input and average value shares (weights) of the two factor inputs. 

 

The value share of labour input is obtained by dividing expenditure on labour (i.e., 

wages and salaries) by VA. Wages and salaries data included all payments in the 

form of wages and salaries, including salary on costs. Wages and salaries were 

deflated by the price index. Similarly, value share of capital input is obtained by 

dividing capital input used by VA. 

 

Tables 4.3 and 4.4 respectively report growth in VA, weighted labour input, 

weighted capital input and TFP in the ANZSIC 231 sector and the ANZSIC 2311 

sub-sector respectively. 

 

As shown in Tables 4.3 and 4.4, during the entire study period (1962–2008) TFP 

grew at an annual average rate of 0.1 per cent in the ANZSIC 231 sector and at a rate 

of two per cent in the ANZSIC 2311 sub-sector.  

 



 

105 

 

Table 4.3: Growth (%) in Value Added, Weighted Labour and Capital Inputs, 

and TFP in the ANZSIC 231 Sector 1962–2008 

Year 
Growth in 

Value Added 

Growth in 
Weighted 
Labour 

Growth in 
Weighted 
Capital 

TFP 
Growth 

1962 - - - - 
1963 -7.24 1.61 -0.34 -8.52 
1964 6.6 3.36 1.01 2.23 
1965 16.48 0.32 1.08 15.08 
1966 11.36 -0.46 1.1 10.72 
1967 5.92 1.85 1.38 2.68 
1968 10.3 2.23 0.56 7.51 
1969 14.69 2.17 0.48 12.05 
1970 31.08 4.21 1.72 25.15 
1971 23.27 17.79 0.84 4.64 
1972 6.25 1.81 -0.74 5.17 
1973 -17.13 3.04 -0.05 -20.13 
1974 -2.12 12.05 1.78 -15.94 
1975 19.13 4.48 2.23 12.41 
1976 18.56 17.24 2.07 -0.75 
1977 11.9 1.04 2.28 8.58 
1978 25.34 5.73 0.71 18.9 
1979 -0.54 2.14 0.56 -3.24 
1980 5.47 6.64 1.31 -2.47 
1981 15.77 -1.07 1.3 15.53 
1982 -1.19 10.97 1.78 -13.95 
1983 19.13 1.74 0.76 16.63 
1984 -1.06 1.7 1.53 -4.3 

Pre-reform average 9.64 4.57 1.06 4.00 

1985 3.24 15.16 2.31 -14.22 
1986 26.1 6.64 3.8 15.66 
1987 13.34 -0.14 1.98 11.49 
1988 -3.89 3.96 0.38 -8.22 
1989 5.77 4.16 -0.23 1.84 
1990 5.73 3.75 -0.15 2.13 
1991 5.29 1.06 0.46 3.77 
1992 -7.09 -2.96 0.83 -4.96 
1993 -13.11 3.38 1.46 -17.96 
1994 -8.89 6.26 1.91 -17.06 
1995 16.23 -0.31 1.03 15.51 
1996 3.26 3.93 1.45 -2.12 
1997 8.23 4 0.3 3.93 
1998 19.04 -3.44 0.67 21.81 
1999 11.43 2.57 0.7 8.16 
2000 -7.83 17.25 0.15 -25.22 
2001 -30.78 -6.16 -0.66 -23.97 
2002 16.43 8.71 -0.68 8.4 
2003 -6.47 -0.21 0.39 -6.64 
2004 13.93 1.25 -0.48 13.16 
2005 6.09 -0.31 -0.32 6.71 
2006 -6.83 0.81 -0.4 -7.24 
2007 -13.56 -0.19 0.22 -13.59 
2008 -4.09 -10 -0.83 6.75 

Post-reform average 2.15 2.47 0.60 -0.91 
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Table 4.4: Growth (%) in Value Added, Weighted Labour and Capital Inputs, 

and TFP in the ANZSIC 2311 Sub-sector 1962–2008 

Year 
Growth in 

Value Added 

Growth in 
Weighted 
Labour 

Growth in 
Weighted 
Capital 

TFP 
Growth 

1962 - - - - 
1963 4.94 1.24 -0.46 4.16 
1964 16.77 1.8 0.31 14.66 
1965 10.58 0.3 0.2 10.08 
1966 8.21 -0.27 0.14 8.34 
1967 8.63 1.06 0.61 6.95 
1968 15.16 1.15 0.3 13.71 
1969 28.98 1.04 -0.48 28.42 
1970 21.12 2.25 0.54 18.34 
1971 6.25 11.4 3.46 -8.61 
1972 -17.13 1.51 0.67 -19.31 
1973 -2.12 2.02 0.53 -4.67 
1974 19.13 6.75 1.73 10.64 
1975 18.56 2.59 0.92 15.05 
1976 11.9 10.36 3.8 -2.26 
1977 25.34 0.57 -0.23 25 
1978 -0.54 3.88 1.81 -6.23 
1979 2.92 1.41 0.35 1.16 
1980 12.35 4.05 0.83 7.47 
1981 -5.07 -0.76 0.77 -5.08 
1982 20.59 6.63 1.67 12.29 
1983 1.95 1.3 1.18 -0.53 
1984 1.67 1.18 1.2 -0.7 

Pre-reform average 9.55 2.79 0.90 5.86 

1985 25.14 8.56 1.68 14.9 
1986 12.84 4.29 2.93 5.61 
1987 -4.06 -0.11 2.17 -6.13 
1988 5.98 2.73 0.32 2.93 
1989 6.17 2.91 -0.08 3.35 
1990 5.21 2.62 -0.02 2.61 
1991 -5.99 -1.28 0.71 -5.41 
1992 -11.3 -3.02 1.19 -9.48 
1993 -11.85 3.95 0.7 -16.5 
1994 20.45 3.35 2.49 14.61 
1995 2.05 -2.81 0.56 4.3 
1996 -9.83 1.4 0.65 -11.89 
1997 28.66 2.4 0.42 25.84 
1998 11.69 -4.63 0.34 15.98 
1999 -8.79 -0.79 0.77 -8.77 
2000 -57.7 43.41 -1.11 -100 
2001 21.89 -0.63 1.54 20.97 
2002 -4.08 7.49 -3.18 -8.39 
2003 12.74 -3.59 -0.52 16.84 
2004 8.48 2.22 -0.4 6.66 
2005 -4.2 -0.55 -0.73 -2.92 
2006 -18.08 -0.31 -0.59 -17.18 
2007 -4.09 -0.16 0.27 -4.2 
2008 -2.83 -21.05 1.43 16.79 

Post-reform average 0.77 1.93 0.48 -1.64 
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When the productivity performance in the ANZSIC 231 sector is divided into the 

pre- and post-reform performance, we found that TFP growth in the ANZSIC 231 

sector fell in the post-reform period. It declined from about four per cent in the pre-

reform period to about -1 per cent in the post-reform period. The decline in 

productivity growth could be partly due to decreasing rate of capital accumulation 

that would have raised the level of output per worker up to a point of diminishing 

returns and partly due to tough competition in domestic market from imported 

cheaper cars. 

 

The ANZSIC 2311 sub-sector also experienced a decline in TFP growth following 

liberalisation from about six per cent per annum in the pre-reform period to about -2 

per cent in the post-reform period. Government assistance to the automotive industry 

is heavily focused on the ANZSIC 2311 sub-sector and this fell significantly in the 

post-reform period, leading to a fall in productivity in this highly protective sub-

sector that has been operating in highly protected and inefficient business 

environment. 

 

As shown in Tables 4.3 and 4.4, in many years, particularly in the post-reform 

period, productivity growth has been negative in both the ANZSIC 231 sector and 

the ANZSIC 2311 sub-sector. These tables also reveal that productivity growth has 

been negative in the post-liberalisation period in both the ANZSIC 231 sector and the 

ANZSIC 2311 sub-sector. It should be noted from these observations that a general 

association between the positive TFP growth and positive VA growth could not be 

observed especially for the post-reform period. 

 

Despite growth in output and exports in the Australian automotive industry (see 

Tables 3.4 and 3.5), both the ANZSIC 231 sector and the ANZSIC 2311 sub-sector 

underwent negative TFP growth during the post-reform period. These observations 

do not seem to confirm the conventional theory on trade liberalisation that suggests a 

strong link between outward orientation and TFP growth. The fluctuation in 

productivity growth in the industry is difficult to understand or explain, when the 

ANZSIC 231 sector, particularly the ANZSIC 2311 sub-sector was expected to 

exploit advantages of economies of scale generated by the liberalisation process. 
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A plausible explanation to productivity performance fluctuation in the industry could 

be evident in associating the after effects of oil shocks in the seventies, eighties, 

nineties and the 2000s on the automotive industry with the resultant decisions of the 

manufacturing and resource industries for diversification, which in turn, seem to 

have led to fluctuations in the quantum of skilled and trained labour available for the 

automotive industry. The negative effects of oil shocks may have led to shortages of 

skilled labour in the industry and employment of unskilled labour, which would have 

probably lowered the average skill base of the automotive industry work force. 

However, this hypothesis cannot be tested due to lack of disaggregated data on the 

level of skills of the labour employed by the ANZSIC 231 sector and the ANZSIC 

2311 sub-sector. 

 

4.4.1 The Determinants of TFP Growth 

 

In this section, we discuss the determinants of productivity growth based on theory 

and empirical literature. This will be subsequently tested in Section 4.4.2. 

 

Both theoretically and empirically, it has been demonstrated that export growth can a 

powerful tool for improving TFP growth. Wacziarg and Welch (2008) have 

empirically shown that export growth can be a source of TFP growth as it allows 

greater utilisation of capacity. Exposure to export market also increases familiarity 

with and absorption of new technologies, leading to improved efficiency. Hence, a 

positive relationship between TFP growth and export growth is expected. 

 

On theoretical grounds, protection by distorting incentive structure, leads to poor 

productivity performance (Bhagwati, 1988). However, Balasubramanyam, Salisu and 

Sapsford (1996) and Rodrik (1988)103 have convincingly shown that protection, in 

fact, can improve efficiency by increasing domestic sales, which then encourages 

firms to invest in technological effort, leading to productivity improvement. 

Therefore, the effect of protection on TFP growth is not clear-cut and must be 

investigated empirically.  

 

                                                 
103 See Headey (2007). What Professor Rodrik means by policy reform Appraising a post-Washington 

paradigm, School of Economics, University of Queensland. 
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Conventionally, it is believed that capital-abundant countries like Australia have a 

comparative advantage in capital-intensive commodities because they have access to 

skilled workforce, which is crucial for product and process innovation in capital-

intensive industries. This led us to believe that productivity growth is higher in firms 

with higher capital intensity. Hence, we expected a positive link between KI and TFP 

growth  

 

It is argued that productivity growth is higher in industries that enjoy the benefit of 

economies of scale (Sharma, Jayasuriya & Oczkowski, 2000). Opportunities to 

produce on a large-scale allow firms to improve its capacity utilisation, leading to a 

fall in average cost and an improvement in competitiveness. Hence, we expect a 

positive link between economies of scale and TFP growth. 

 

The Australian automotive industry has a long history of receiving assistance from 

government in the form of industry investment assistance. As discussed in Chapter 2, 

this is a highly protected industry in Australia even today. While this assistance is 

designed to improve competitiveness of the industry by encouraging innovation, 

critics have argued that it has made the industry highly inefficient and unproductive 

(Madsen, 2008; Tokarick, 2006). Thus, the effect of industry assistance on TFP 

growth is a matter of empirical investigation. 

 

The above theoretical considerations lead to the following specification of a model of 

TFP growth. The expected signs are given below the equation in parentheses. 

 

TFP; =	VW	+	V�ES;	+	VSXO;	+	V\NRP;	+	V_KI;	+	VaIA;	+	U; 

                (+)          (+)          (?)           (+)        (?) 

 

Where 

• TFP; is TFP growth 

• ES;	 is economies of scale (proxy by growth in VA) 

• XO
 is export intensity (ratio of exports to output) 

• NRP; is nominal rate of protection (tariffs on final products) 

• KI;	 is capital intensity (ratio of fixed capital to total employment) 
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• IA;	 is government’s industry assistance dummy, 1 for the years 

industry received government assistance and 0 otherwise 

• t = 1,......n (Years) 

• ∝d	 are parameters to be estimated where j = 0 to 5, and 

• U is a standard classical error term 

 

4.4.2 Econometric Results of the Determinants of TFP Growth 

 

In this section, we report the econometric results of the determinants of the 

productivity growth in the ANZSIC 231 sector and the ANZSIC 2311 sub-sector 

within the industry using data for 1962–2008 period. However, note that to capture 

the effect of liberalisation we have employed a liberalisation dummy. The value of 

the dummy is 0 for the pre-reform period and 1 for the post-reform period. A prefix 

‘D’ at the beginning of each explanatory variable denotes an interaction with the 

liberalisation dummy. A significant interaction ‘D’ variable indicates that the 

regression coefficients are statistically different between the pre- and post-reform 

periods. If the interaction ‘D’ variable is insignificant then the marginal effect on 

TFP growth is statistically the same for both periods. 

 

Before running the models,104 we have performed RESET test to ensure that our 

model is appropriately specified. We performed F-test to ensure the fitness of the 

model we have used. Model misspecifications were corrected by changing the 

functional form and/or adding or deleting variables. We performed the Breusch-

Godfrey (B_G) test to identify errors associated with different observations due to 

autocorrelation. The final model is free from auto-correlation. Tests for multi-

collinearity were also conducted. If highly correlated variables were found during the 

tests, they were deleted. Outliers did not seem to be a problem in our data. In an 

attempt to improve the explanatory power of our models we deleted variables with t-

ratio was less than unity. However, this did not improve the explanatory power of the 

                                                 
104 Refer Appendix 10 for the test statistics used in testing our econometrical models. 
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model. Estimates for both the full and reduced models105 are reported in Tables 4.5 

and 4.6. 

 

Table 4.5 reports the results for the determinants of TFP growth in the ANZSIC 231 

sector for the overall period (1962–2008). As stated earlier, we have deployed a 

liberalisation dummy to see if the regression coefficients are statistically different 

between the pre- and post-reform periods. A prefix ‘D’ at the beginning of each 

explanatory variable denotes an interaction with the liberalisation dummy. 

 

Our model explains about 18 per cent of the variations in productivity growth in both 

full and reduced models. 

 

For the overall period (1962–2008), the coefficient of economies of scale is positive 

and is statistically significant, suggesting that economies of scale lead to better 

productivity growth. This finding is consistent with the ‘Verdoon’s Law’ that 

economies of scale are a source of productivity growth. Previous studies on the link 

between economies of scale and productivity growth in the Australian manufacturing 

Chand (1999), and Chand, McCalman and Gretton (1988) found that economies of 

scales are positively associated with productivity growth. The impact of economies 

of scale remains statistically significant and positive in the post-liberalisation period 

(as shown by the coefficient of DES), suggesting that the marginal impact of 

economies of scale on TFP growth increased in the post-liberalisation period 

possibly due to increased openness of the economy. Sharma, Jayasuriya and 

Oczkowski (2000) also recorded a similar experience for the Nepalese manufacturing 

sector. 

 

The coefficient of export intensity is positive but statistically insignificant for the 

1962–2008 period, suggesting that there is no statistical evidence to suggest that 

higher export intensity can lead to better productivity performance. Note that the 

marginal impact of export intensity variable in the post-liberalisation period (DXO) 

remains statistically insignificant, but now has a negative sign. 

                                                 
105 The model was estimated using the Data Analysis module in Microsoft Excel and S Plus statistical 
software package. 
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Table 4.5: OLS Results for the Determinants of TFP Growth in the ANZSIC 

231 Sector 1962–2008 

Independent Variables 
All variables 
TFP growth 

Variables with | t | < 1 excluded 

Intercept 
-0.2742 

(-1.5451)* 
-0.1754 

(-1.7644)* 

Intercept Dummy (D) 
-0.4368 

(-1.2513) 
-0.1569 

(-0.9175) 

ES 
0.0001 

(2.1214)** 
0.0001 

(2.3332)** 

XO 
0.1020 

(0.7184) 
Excluded 

NRP 
0.0052 

(1.7280)* 
0.0039 

(2.0991)** 

KI 
0.0046 

(0.3501) 
Excluded 

IA 
-0.2149 

(-1.9640)* 
 

-0.2214 
(-2.1545)** 

DES 
0.0001 

(2.2992)** 
0.0000 

(0.9914) 

DXO 
-0.7763 

(-0.7124) 
Excluded 

DNRP 
0.0019 

(0.4198) 
Excluded 

DKI 
0.0020 

(0.1498) 
Excluded 

No. of Observations 
F (K-1, K-45) 

R2 
RESET F (4, 42-K) 
B-G LM AR(1) Test 

46 
1.2011 
0.1788 
1.1821 

39.3579 

46 
1.6851 
0.1722 
1.6643 

44 

Note: Linear equations: t-ratios are given in parentheses. K is the number of 
explanatory variables including constant. 
Significant levels are: *** = 1%, ** = 5%, and * = 10%. 

 

During the overall period, the coefficient for NRP is statistically significant and has a 

positive sign, suggesting that a higher level of protection leads to better productivity 

performance. However, its interaction with the post-liberalisation dummy (DNRP) is 

statistically insignificant, suggesting that the marginal impact of the NRP variable on 

TFP growth is statistically the same in both pre-reform and post-reform periods. Our 

findings about the link between protection and productivity growth support for the 

view that protection actually improves productivity growth in the motor vehicle and 

motor vehicle part manufacturing sector. 
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The coefficient of the capital intensity variable is statistically insignificant (although 

remains positive) in the overall period, suggesting that capital intensity has no 

statistically significant effect on productivity growth in the AAI. The coefficient of 

the KI interaction variable (DKI) in the post-reform period is statistically 

insignificant, but remains positive. Our findings fail to establish any evidence in 

support of the view that higher capital intensity can lead to better productivity growth 

in the motor vehicle and motor vehicle part manufacturing sector even though 

Australia has a comparative advantage in capital-intensive technology according to 

the factor endowment theory.  

 

The coefficient of the industry assistance variable is statistically significant and has a 

negative sign in the overall period suggesting that industry assistance, in fact, leads 

to poor productivity growth in the motor vehicle and motor vehicle part 

manufacturing sector. Initial tests indicated that the industry assistance variable and 

its interaction with the liberalisation dummy (DIA) were highly correlated. To avoid 

spurious results being generated, DIA is deleted from the final model. 

 

Table 4.6 presents the results for the determinants of TFP growth in the ANZSIC 

2311 sub-sector for 1962–2008 period. Note that initial tests indicated that the 

industry assistance variable and its interaction with the DIA were highly correlated. 

To avoid spurious results being generated, DIA is deleted from the final model. 
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Table 4.6: OLS Results for the Determinants of TFP Growth in the ANZSIC 

2311 Sub-sector 1962–2008 

Independent Variables 
All variables 

TFP growth 

Variables with | t | < 1 excluded 

Intercept 
-0.1767 

(-0.8630) 

-0.1478 

(-0.9179) 

Intercept Dummy (D) 
-0.4216 

(-1.8707)* 

-0.4216 

(-1.8707)* 

ES 
0.0001 

(0.7449) 
Excluded 

XO 
0.2514 

(1.0169) 

0.3819 

(0.7576) 

NRP 
0.0041 

(1.2498) 

0.0035 

(0.2495) 

KI 
0.0035 

(0.7217) 
Excluded 

IA 
-0.1681 

(-1.3388) 

 

-0.0069 

(-0.1150) 

DES 
0.0002 

(1.9936)* 

0.0002 

(1.9936)* 

DXO Excluded Excluded 

DNRP Excluded Excluded 

DKI Excluded Excluded 

No. of Observations 

F (K-1, K-45) 

R2 

RESET F (4, 42-K) 

B-G LM AR(1) Test 

46 

1.8841 

0.2526 

1.8348 

38.2294 

46 

1.4095 

0.0953 

1.0799 

43 

Note: Linear equations: t-ratios are given in parentheses. K is the number of 
explanatory variables including constant. 
Significant levels are: *** = 1%, ** = 5%, and * = 10%. 

 

Our specified model explains about 25 per cent of the variations in productivity 

growth in motor vehicle manufacturing sub-sector. However, note that when 

variables with ׀t1>׀ are excluded (namely VA and KI) to improve the explanatory 

power of the model, it explains only about ten per cent of the variations in TFP.  
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The coefficient for economies of scale is statistically insignificant for the overall 

period, although it has a positive sign. This suggests that economies of scale do not 

affect productivity growth in the motor vehicle manufacturing sub-sector. However, 

its interaction with the liberalisation dummy (DES) is statistically significant and has 

a positive sign, indicating that following liberalisation its marginal effect on 

productivity grew significantly. 

 

Although the coefficient of export intensity is positive, it is statistically insignificant. 

Clearly, our study fails to accept or reject the hypothesis that higher export intensity 

can improve or retard productivity growth in the ANZSIC 2311 sub-sector. This 

finding is similar to previous studies by the IC (1997), Productivity Commission 

(2002), and Sanidas and Jayanthakumaran (2003, 2006) on the Australian automotive 

industry. 

 

Similarly, there is no statistical evidence to suggest whether higher protection (NRP) 

improves or retards productivity growth in the ANZSIC 2311 sub-sector. The 

coefficient for industry assistance is statistically significant and has a negative sign, 

indicating that lower level of industry assistance is conducive to productivity 

improvement. This result is similar to those of the studies on the AAI by the IC 

(1997), Productivity Commission (2002), and Sanidas and Jayanthakumaran (2003, 

2006). 

 

In summary, we found that productivity growth in both the ANZSIC 231 sector and 

the ANZSIC 2311 sub-sector are explained mainly by economies of scale and 

industry assistance. Measures to increase economies of scale and reduce industry 

assistance would lead to better productivity outcomes in these industries. 

 



 

116 

 

4.5 Conclusion 

 

This chapter presented the productivity performance of the ANZSIC 231 sector and 

the ANZSIC 2311 sub-sector within the industry and explained the determinants of 

productivity growth. During the study period, 1962–2008, the overall TFP, both in 

the motor vehicle and parts manufacturing sector and the motor vehicle 

manufacturing sub-sector underwent continuous fluctuations with a significant 

period undergoing negative TFP growth. 

 

Both sub-sectors experienced a significant decline in productivity growth in the post-

reform periods. However, the decline was higher in ANZSIC 231 than in ANZSIC 

2311. Poor productivity performance in the post-reform period appears to have been 

linked with greater competition brought about by liberalisation, which led to a 

significant fall in automotive production. 

 

Econometric evidence documented in this study tends to suggest that a lower level of 

industry assistance helps improve efficiency in both sectors. This appears to be 

because a lower level of assistance (by increasing competition) adds pressure to 

improve efficiency. Similarly, opportunities to exploit economies of scale leads to 

improved TFP performance. While these results are interesting and have significant 

policy implications for further reform, these results must be interpreted with some 

degree of caution for the following reasons. 

 

First, due to relatively short time series data we did not make allowance for lag 

effect. Second, due to data constraints, we have relied on NRP as a measure of 

protection that fails to capture the actual level of protection granted to the Australian 

automotive industry. As there is a substantial difference in tariffs on final products 

and on intermediate goods imports, this would make the NRP a poor measure of the 

actual level of protection granted. 

 

Despite these data limitations, the present study provides some useful insight on the 

productivity performance of the motor vehicle and motor vehicle part manufacturing 

sector and the motor vehicle manufacturing sub-sector. 
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The next chapter will explore trade orientation of the ANZSIC 231 sector and the 

ANZSIC 2311 sub-sector of the Australian automotive industry and report their 

determinants. 



 

118 

 

Chapter 5: Trade Orientation of 

The Australian Automotive Industry 

 

 

5.1 Introduction 

 

This chapter presents trade orientation of the ANZSIC 231 sector and the ANZSIC 

2311 sub-sector. It then develops an empirical model to investigate the determinants 

of export intensity and import penetration in these two sectors. The chapter is 

structured as follows: Section 5.2 documents trade performance of the ANZSIC 231 

sector and the ANZSIC 2311 sub-sector; and Section 5.3 presents models of export 

intensity and import penetration. The results for the determinants of trade orientation 

are presented in Section 5.4. The chapter concludes with concluding remarks in 

Section 5.5 

 

5.2 Trade Orientation 

 

5.2.1 Export Intensity of the ANZSIC 231 Sector and the ANZSIC 2311 Sub-

sector 1962 - 2008 

 

Following the standard practice, export intensity (XO) is defined as the ratio of 

exports to automotive output (Shoham, 1998; Zhao & Zou, 2002; Crinò and Epifani, 

2008; Koenig et al, 2010). 

 

Table 5.1 shows how export intensity has changed in the ANZSIC 231 sector and the 

ANZSIC 2311 sub-sector in the pre- and post-reform periods. 
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Table 5.1: Export Intensity in the Automotive Industry 1962–2008 

Year 
Export Intensity (XO) 

ANZSIC 231 ANZSIC 2311 

1962 0.58 0.64 
1963 0.62 0.67 
1964 0.61 0.84 
1965 0.62 0.88 
1966 0.52 0.80 
1967 0.45 0.62 
1968 0.34 0.44 
1969 0.21 0.36 
1970 0.30 0.34 
1971 0.34 0.21 
1972 0.38 0.16 
1973 0.29 0.11 
1974 0.19 0.06 
1975 0.10 0.04 
1976 0.07 0.03 
1977 0.05 0.04 
1978 0.07 0.03 
1979 0.06 0.03 
1980 0.06 0.02 
1981 0.08 0.02 
1982 0.06 0.01 
1983 0.08 0.02 
1984 0.08 0.01 

Pre-reform 
average 

0.33 0.18 

1985 0.06 0.01 

1986 0.05 0.02 
1987 0.09 0.03 
1988 0.06 0.01 
1989 0.07 0.01 
1990 0.09 0.07 
1991 0.11 0.07 
1992 0.13 0.07 
1993 0.16 0.10 
1994 0.13 0.07 
1995 0.13 0.07 
1996 0.17 0.12 
1997 0.20 0.14 
1998 0.17 0.13 
1999 0.22 0.19 
2000 0.25 0.24 
2001 0.21 0.20 
2002 0.25 0.26 
2003 0.25 0.26 
2004 0.22 0.22 
2005 0.22 0.23 
2006 0.20 0.22 
2007 0.21 0.23 
2008 0.23 0.27 

Post-reform 
average 

0.16 0.14 
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Although there are significant variations from year to year, the export intensity ratio 

declined in both ANZSIC 231 and ANZSIC 2311 sectors in the post-reform periods. 

This appears to be largely due to increased competition in export markets brought 

about by motor vehicles manufactured in Asian countries such as Korea. Lack of 

competitiveness of Australian automotive sector, which has been operating in a 

highly protected environment for a long time, also appears to have contributed to this 

decline. The decline in export intensity was higher in ANZSIC 231, which fell from 

0.32 to 0.18, than in ANZSIC 2311, which declined from 0.18 to 0.13. 

 

5.2.2 Import Penetration in the ANZSIC 231 Sector and the ANZSIC 2311 Sub-

sector 1962–2008 

 

Import penetration is defined as the ratio of total automotive imports to the total 

automotive market in Australia (total domestic production plus automotive imports 

less automotive exports) during 1962–2008. Import penetration is influenced by a 

number of factors including the nature of the trade policy regime. An open and 

liberal trade regime may increase or decrease the level of import penetration. When 

both exports and imports grow in an industry, Cleveland (1985) argues that the 

degree of measured import penetration will deteriorate because the total domestic 

sales depend on the extent of both imports and exports. Athukorala & Hazari (1988) 

add that the standard import penetration ratio might be biased and may indicate 

distorted competitiveness outcomes. 

 

According to Harrison (1994), use of import penetration ratio as an outcome of 

policy reform is problematic for the following reasons. First, rising import 

penetration may not reflect an improvement in productivity if imports are drawn to 

sectors with low productivity. Second, rising import penetration may cause a decline 

in output in import competing industries leading to losses in efficiency. Third, import 

penetration measures the outcome of change in policy regime rather than trade 

policies themselves. 

 

Table 5.2 shows how import penetration has changed in the ANZSIC 231 sector and 

the ANZSIC 2311 sub-sector in the pre- and post-reform periods. 
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Table 5.2: Import Penetration in the Automotive Industry 1962–2008 

Year 
Import penetration(MP) 

ANZSIC 231 ANZSIC 2311 
1962 0.59 0.45 
1963 0.69 0.57 
1964 0.67 0.73 
1965 0.75 0.84 
1966 0.67 0.74 
1967 0.62 0.58 
1968 0.66 0.56 
1969 0.53 0.50 
1970 0.49 0.42 
1971 0.52 0.26 
1972 0.55 0.22 
1973 0.52 0.20 
1974 0.55 0.22 
1975 0.45 0.27 
1976 0.42 0.10 
1977 0.31 0.19 
1978 0.36 0.15 
1979 0.30 0.14 
1980 0.30 0.11 
1981 0.32 0.13 
1982 0.24 0.11 
1983 0.29 0.11 
1984 0.32 0.11 

Pre-reform 
average 

0.58 0.30 

1985 0.28 0.10 
1986 0.22 0.07 
1987 0.20 0.06 
1988 0.22 0.08 
1989 0.30 0.12 
1990 0.26 0.10 
1991 0.25 0.11 
1992 0.34 0.15 
1993 0.38 0.18 
1994 0.38 0.18 
1995 0.37 0.18 
1996 0.39 0.21 
1997 0.43 0.24 
1998 0.45 0.25 
1999 0.46 0.26 
2000 0.48 0.49 
2001 0.39 0.38 
2002 0.48 0.52 
2003 0.50 0.56 
2004 0.50 0.56 
2005 0.52 0.60 
2006 0.54 0.62 
2007 0.59 0.66 
2008 0.64 0.70 

Post-reform 
average 

0.40 0.31 
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While there are significant fluctuations from year to year, import penetration 

declined from 0.58 to 0.40 in the post-reform period in the ANZSIC 231 sector. 

Conversely, it rose from 0.29 to 0.31 in the ANZSIC 2311 sub-sector. The decline in 

MP in the ANZSIC 231 sector is not due to an increase in competitiveness but 

appears to be due a fall in domestic production. 

 

5.3 Models of Export Intensity and Import Penetration 

 

In this section, based on theory and international evidence, we develop some 

hypotheses and construct a model106 to explain the determinants of export intensity in 

the ANZSIC 231 sector and the ANZSIC 2311 sub-sector. The model is 

consequently tested econometrically in sub-section 5.4.1. 

 

5.3.1 Model of Export Intensity 

 

There is a widely held view that industries that have foreign participation (foreign 

investment) have better export performance (Athukorala & Menon, 2004; 

Gunawardana & Sharma, 2010) as foreign firms have a greater access to superior 

technology, management practices and well established marketing networks. These 

links can be powerful tools for export growth. Gunawardana and Sharma (2009) 

found that while foreign investment does not appear to influence the exports of 

Australian manufacturing industries in the short-term, they do positively influence 

exports in the long-term. Thus, a positive association between foreign investment and 

export intensity can be expected. 

 

Nevertheless, it is argued that the contribution of foreign investment to export growth 

would crucially depend on their motives for investment (Sharma, 2000; Chung et al., 

2003). If their motive is to sidestep trade barriers, then such investments may not 

result in better export expansion. Rose and Ito (2008) found that Japanese vehicle 

producers tend to avoid or delay their investments in overcrowded foreign markets. 

They concluded that each Japanese firm’s international strategy is sensitive to its 

                                                 
106 Following standard practice in estimating trade orientation, we have used OLS linear models (see 

Sharma et al, 2000; Grant and Lambert, 2008; Bonnelli, 1992) 
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own firm-specific factors and competitive interactions with specific rivals while 

demonstrating diverse location and entry timing strategies. 

Their findings highlight the notion that the Japanese foreign investment strategy is a 

dynamic phenomenon with individual firms working to produce best results possible 

in the particular environments they operate and the particular constraints they need to 

face. Therefore, the nature of the link between foreign investment and export 

intensity remains ambiguous and is a matter of empirical investigation. 

 

According to conventional theory, protection affects exports in three ways. First, 

protection can lead to an overvaluation of the exchange rate. Second, high protection 

attracts resources towards protected industries and away from export industries. 

Third, protection promotes inefficiency, which reduces export competitiveness. In 

addition, protectionist measures increase the labour costs for export-oriented 

industries as higher domestic commodity prices would raise the cost of living and 

cause labour to demand higher wages reducing the competitiveness of exports. 

 

However, Krugman (1984) has forcefully argued that under certain circumstances 

protection may increase exports. Protection of the domestic market provides the local 

industry with greater opportunities to make use of economies of scale while reducing 

such opportunities for the overseas competitor. The resulting lower production cost 

leads to higher exports. Therefore, the nature of the link between export intensity and 

protection remains ambiguous and needs to be tested empirically. 

 

Export incentives are often viewed as a powerful tool of export promotion as they 

help overcome export barriers. Thus, a positive relationship is expected between the 

government’s industry assistance in the form of export incentives and export 

intensity. 

 

The above considerations lead to the following model specification for export 

intensity.107 The coefficients given in parentheses below the equation are the 

expected signs of the coefficients. 

                                                 
107 A lack of availability of disaggregated data on skilled labour (SL), imported intermediate inputs 
(AM), and Research and Development (R&D) restricts the study from using these variables in the 
Export Intensity (XO) and Import Penetration (MP) models. 
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XO
 =	βW +	β�FI
 +	βSNRP
 +	β\XIN
 +	V
 
   (?)       (?)          (+) 

 

Where 

• XO
 is export intensity (ratio of exports to output) 

• FI
 is foreign investment dummy (100 per cent foreign-owned except 

for a few companies in the supply chain) 

• NRP
 is nominal rate of protection (i.e., tariffs on final products) 

• XIN
 is export incentives dummy, 1 for the years industry received 

government assistance and 0 otherwise 

• t = 1,......n (Years) 

• βf are parameters to be estimated where j = 0 to 3, and 

• V is a standard classical error term 

 

5.3.2 Model of Import Penetration 

 

This section develops hypotheses to explain the determinants of import penetration in 

the Australian automotive industry, which is are tested econometrically in sub-

section 5.4.2. Note that except for the export incentives variable, all other variables 

that are components in the export intensity model become regressors in the import 

penetration model. 

 

The link between foreign investment and import penetration is controversial. It is 

argued that the participation of foreign firms makes domestic production 

competitive, leading to a lower level of imports. However, if the motive for foreign 

firm is to promote intra-firm trade, then foreign investment may yield a rise in 

imports (Sharma et al., 2001; Bonturi & Fukasaku, 1993; Alfaro et al., 2009; 

Gunawardana & Sharma, 2009). Hence, the relationship between foreign investment 

and import penetration is circumstantial. 
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High tariff protection makes imports costly in the domestic market leading to a 

reduction in imports. This suggests that a higher the level of tariff protection the 

lower is the level of imports (Suranovic, 2004). Thus, a negative relationship is 

expected between import penetration and NRP. 

 

In addition to tariff protection, the automotive industry in Australia is also protected 

from external competition through industry assistance programs including ACIS, the 

Tradex Scheme, the Duty Drawback Scheme, the EPBS and the GCIF making 

domestic production attractive and hence resulting in lower level of import 

penetration. Thus, we anticipate a negative association between government 

assistance and import penetration. 

 

Based on the above considerations the following model for import penetration is 

developed. The expected signs of the coefficients are given in parentheses below the 

equation. 

 

MP
 =	γW +	γ�FI
 +	γSNRP
 +	γ\IA
 +	W
 

         (?)            (-)    (-) 

 

Where 

• MP
 is import penetration (ratio of total imports to total output + 

imports-exports) 

• FI
 is foreign investment (Except for a few companies in the supply 

chain 100 per cent foreign-owned) 

• NRP
 is nominal rate of protection (tariffs on final products) 

• IA
 is government assistance dummy, 1 for the years industry received 

government assistance and 0 otherwise 

• t = 1,......n (Years) 

• γf are parameters to be estimated where j = 0 to 3, and 

• W is a standard classical error term 
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5.4 Results for Determinants of Export Intensity and Import 

Penetration 

 

In this section, we report econometric results for the determinants of export intensity 

and import penetration. Data for this exercise were obtained from various sources as 

discussed in Appendix 6. 

 

The results are reported for 1962–2008 period. However, we use a liberalisation 

dummy to capture the effect of liberalisation. The value of the dummy variable is 0 

for the pre-reform period and 1 for the post-reform period. A prefix ‘D’ at the 

beginning of each explanatory variable denotes an interaction with the liberalisation 

dummy. A significant interaction ‘D’ variable indicates that the regression 

coefficients are statistically different between the pre- and post-reform periods. If the 

interaction ‘D’ variable is insignificant then the marginal impact on trade orientation 

is statistically the same for both periods. 

 

Before running the models, we performed a RESET test to ensure the model was 

appropriately specified, and conducted an F-test to ensure the fitness of the model. 

Model misspecifications were corrected by changing the functional form and/or 

adding or deleting variables. We performed the Breusch-Godfrey (B_G) test to 

identify errors associated with different observations due to autocorrelation and to 

ensure that the final model is free from auto-correlation. Test for multi-collinearity 

was also carried out and highly correlated variables were deleted.108 Outliers did not 

seem to be a problem in our data. 

 

In the model testing stage we found that the foreign investment variable was highly 

correlated and it had to be removed from the final model. This left only two 

independent variables in the residual model, namely, NRP and Export Incentives. 

 

                                                 

108 As conducted in Chapter 4, Section 4.4.2 in testing econometric results for the determinants of TFP 
growth, we were unable to delete variables with ׀t׀  < 1 for improving the explanatory power of the 
export intensity and import penetration models. This was because all the variables have ׀t׀  > 1, even 
though they are statistically insignificant. 
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5.4.1 Results for the Determinants of Export Intensity 

 

The results for the determinants of export intensity in the ANZSIC 231 sector are 

presented in Table 5.3, while Table 5.4 documents the results for the ANZSIC 2311 

sub-sector. 

Table 5.3: OLS Results for the Determinants of Export Intensity in the ANZSIC 

231 Sector 1962–2008 

Independent Variables Export Intensity 

Intercept 
1.5272 

(1.1962) 

Intercept Dummy (D) 
0.2260 

(15.1524)*** 

FI Deleted 

NRP 
-0.0053 

(-1.0132) 

XIN 
-1.0912 

(-1.1345) 

DFI Deleted 

DNRP Deleted 

DXIN 
-0.1036 

(-5.4889)*** 

No. of Observations 
F (K-1, 47-K) 

R2 
RESET F (2, 45-K) 
B-G LM AR(1) Test 

47 
5.6881 
0.2054 
4.0505 

45 

Note: Linear equations: t-ratios are given in parentheses. K is the number of 
explanatory variables including constant. 
Significant levels are: *** = 1%, ** = 5%, and * = 10%. 

 

Our model explains about 21 per cent of the variations in export intensity in the 

ANZSIC 231 sector during the 1962–2008 period. 

 

While the coefficient of the variable NRP is statistically insignificant for the overall 

period (1962–2008), it has a negative sign. This result tends to suggest that a higher 

protection discourages exports in the motor vehicle and motor vehicle part 

manufacturing sector. Note that the interaction dummy for NRP (DNRP) was deleted 

due to functional form misspecification; hence, its marginal impact for the post-

reform period is unknown. 
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Our findings about the link between protection and export performance of the 

Australian automotive industry is consistent with the previous studies of the 

Australian automotive industry by Bloch and McDonald (2002), Tcha and Kuriyama 

(2003), Dixon and Rimmer (2004), and Sanidas and Jayanthakumaran (2003, 2006, 

2008) who found that decreasing rate of protection have contributed to the growth in 

automotive exports in the recent years. 

 

The coefficient of the export incentives variable is statistically insignificant for the 

total period 1962 to 2008, although it has an expected negative sign. However, its 

interaction with the liberalisation dummy is statistically highly significant and has a 

negative sign. This suggests that in the motor vehicle and motor vehicle part 

manufacturing sector, export incentives has lowered export performance significantly 

following liberalisation, probably they encourage rent-seeking activities This result is 

similar to that of Sharma, Jayasuriya and Oczkowski (2000) who investigated the 

link between export incentives and export performance in the Nepalese 

manufacturing industries. 

 

Table 5.4 reports the results for the determinants of export intensity in the ANZSIC 

2311 sub-sector for the overall period (1962–2008). As discussed previously, a 

liberalisation dummy is deployed to capture the marginal impact of reform. 

 

Our specified model failed to pass the RESET test when the dummy variable for 

foreign investment retained in the model. The foreign investment variable was highly 

correlated and it had to be deleted from the final model. This leaves only two 

independent variables, namely NRP and export incentives in the final model, which 

explains about 21 per cent of the variations in export growth. 
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Table 5.4: OLS Results for the Determinants of Export Intensity in the ANZSIC 

2311 Sub-sector 1962–2008 

Independent Variables 
All variables 

Export Intensity 

Intercept 
0.6088 

(1.4074) 

Intercept Dummy (D) 
0.2382 

(15.7831)*** 

FI Deleted 

NRP 
-0.0041 

(-1.1223) 

XIN 
-0.3632 

(-1.3140) 

DFI Deleted 

DNRP Deleted 

DXIN 
-0.1639 

(-8.5839)*** 

No. of Observations 
F (K-1, 47-K) 

R2 
RESET F (2, 45-K) 
B-G LM AR(1) Test 

47 
5.9373 
0.2125 
4.1050 

45 

Note: Linear equations: t-ratios are given in parentheses. K is the number of 
explanatory variables including constant. 
Significant levels are: *** = 1%, ** = 5%, and * = 10%. 

 

The results for the ANZSIC 2311 sub-sector are similar to the motor vehicle and 

ANZSIC 231 sector presented in Table 5.3. The coefficient for the NRP variable is 

negative, but statistically insignificant for the overall period (1962–2008). This 

appears to suggest that a higher protection discourages export performance in the 

ANZSIC 2311 sub-sector as well. This is probably because protection discourages 

firms to be innovative, which is crucial to be successful in export market. This result 

is similar to the results on the Australian automotive industry found by Bloch and 

McDonald (2002), Tcha and Kuriyama (2003), Dixon and Rimmer (2004), and 

Sanidas and Jayanthakumaran (2003, 2006, 2008). Note that the interaction dummy 

for NRP (DNRP) was deleted due to functional form misspecification. 
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Although statistically insignificant, the coefficient of the export incentives variable 

has an unexpected negative sign for the total period 1962 to 2008. However, its 

interaction with the liberalisation dummy is highly significant and has a negative 

sign, suggesting that export incentives has reduced export performance following 

liberalisation in the ANZSIC 2311 sector. This is probably because such incentives 

may have diverted resources away from export production and towards rent-seeking 

activities.  

 

In summary, industry protection, irrespective of the nature of protection, has played a 

negative role on its export expansion of the Australian automotive industry. In 

addition, our findings do not provide statistical support for the view that export 

incentives are an effective means of export promotion in the Australian automotive 

industry. In fact, we found that such incentives have reduced export performance 

especially in the post-liberalisation period. These findings are similar to previous 

studies on the Australian automotive industry by Bloch and McDonald (2002), the 

Productivity Commission (2002), and Sanidas and Jayanthakumaran (2003, 2006). 

 

5.4.2 Results for the Determinants of Import Penetration 

 

Table 5.5 reports the econometric results for the determinants of import penetration 

in the motor the ANZSIC 231 sector for the overall period (1962–2008). 
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Table 5.5: OLS Results for the Determinants of Import Penetration in the 

ANZSIC 231 Sector 1962–2008 

Independent Variables 
All variables 

Import Penetration 

Intercept 
1.0152 

(7.1907) 

Intercept Dummy (D) 
0.5885 

(28.7978)*** 

FI Deleted 

NRP 
-0.0081 

(-2.8420)*** 

IA 
-0.3737 

(-4.0300)*** 

DFI Deleted 

DNRP 
-0.0070 

(-10.7046)*** 

DIA Deleted 

No. of Observations 
F (K-1, 47-K) 

R2 
RESET F (2, 45-K) 
B-G LM AR(1) Test 

47 
9.3274 
0.2977 
7.5805 

45 

Note: Linear equations: t-ratios are given in parentheses. K is the number of 
explanatory variables including constant. 
Significant levels are: *** = 1%, ** = 5%, and * = 10%. 

 

Similar to the procedure adopted in sub-section 5.4.1, a liberalisation dummy is 

deployed to capture the marginal impact of liberalisation. A prefix ‘D’ at the 

beginning of each explanatory variable denotes an interaction with the liberalisation 

dummy. A significant interaction ‘D’ variable indicates that the regression 

coefficients are statistically different between the pre- and post-reform periods. If the 

interaction ‘D’ variable is insignificant then the marginal impact on Import 

Penetration is statistically the same for both periods. Our model has only three 

independent variables: FI, NRP and IA. At the diagnostic test stage, the FI dummy 

variable was found to be highly correlated and we had to delete this variable from the 

final model. Our model explains about 30 per cent of the variations in import 

penetration. 
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As expected, the coefficient of the NRP variable has a negative sign and is 

statistically significant, suggesting that protection reduces imports. This is because 

protection, by shielding domestic market from import competition, allows producers 

to capture domestic market, leading to a lower level of imports. The marginal impact 

of protection is greater in the post-reform period. Its interaction with the 

liberalisation dummy (DNRP) is statistically significant and has a negative sign as 

expected. Despite this finding, our discussion in Chapter 3 indicates that automotive 

imports continued to rise, in particular, during the period of trade liberalisation. 

 

The coefficient of industry assistance variable is statistically significant and has an 

excepted negative sign for the overall period, suggesting that industry assistance 

helps reduce imports in the ANSIC 2311 sector. This is probably because such 

assistance gives domestic producers a competitive advantage over imported vehicles 

and parts. Note that its interaction term (DIA) was deleted from the estimated model 

at the model testing stage due to functional form misspecification. Hence, its 

marginal impact for DIA is not reported in Table 5.5. 

 

Results for the determinants for Import Penetration in the ANZSIC 2311 sub-sector 

for the overall period (1962–2008) are reported in Table 5.6. As previously 

discussed, a liberalisation dummy is deployed to capture the marginal impact of 

liberalisation. 
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Table 5.6: OLS Results for the Determinants of Import Penetration for the 

ANZSIC 2311 Sub-sector 1962–2008 

Independent Variables 
All variables 

Import Penetration 

Intercept 
0.7511 

(9.6747) 

Intercept Dummy (D) 
0.6169 

(12.4650)*** 

FI Deleted 

NRP 
-0.0093 

(-5.9663)*** 

IA 
-0.1764 

(-3.4605)*** 

DFI Deleted 

DNRP 
-0.0114 

(-7.2216)*** 

DIA Deleted 

No. of Observations 
F (K-1, 47-K) 

R2 
RESET F (2, 45-K) 
B-G LM AR(1) Test 

47 
18.9305 
0.4625 

17.1372 
43.8943 

Note: Linear equations: t-ratios are given in parentheses. K is the number of 
explanatory variables including constant. 
Significant levels are: *** = 1%, ** = 5%, and * = 10%. 

 

At diagnostic testing, the foreign investment dummy variable was found to be highly 

correlated and had to be deleted from the model. Note that at the model testing stage 

DIA variable was excluded due to functional form misspecification. 

 

Our estimated model explains about 46 per cent of the variations in import 

penetration in the ANZSIC 2311 sub-sector. The results for the ANZSIC 2311 sub-

sector are similar to the results for the ANZSIC 231 sector. As expected, the 

coefficient of the variable NRP is statistically highly significant and has a negative 

sign, suggesting that like in the ANZSIC 231 sector protection has lowered import in 

the ANZSIC 2311 sub-sector as well in the overall study period. Its marginal impact 

(DNRP) remains statistically highly significant and negative following liberalisation 

in the policy regime. 
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The coefficient of industry assistance variable is statistically highly significant and 

has an expected negative sign for the overall period, suggesting that industry 

assistance has helped lower import penetration in 2311 sector. Note that its 

interaction with the DIA is excluded in the final model due to functional form 

misspecification. 

 

In summary, our result for the determinants of import penetration suggest that 

protection and industry assistance, as expected, lower imports penetration in the 

Australian automotive industry. 

 

5.5 Conclusion 

 

This chapter analysed the export and import performance of the ANZSIC 231 sector 

in general and the ANZSIC 2311 sub-sector in particular. Our analysis reveals that 

export intensity of the motor vehicle and motor vehicle part manufacturing sector fell 

from 0.32 in the pre-reform period to 0.16 in the post-reform period, while the export 

orientation of the motor vehicle manufacturing reduced from 0.18 in the pre-reform 

period to 0.14 in the post-reform period. 

 

This fall in export orientation of the Australian automotive industry appears to be 

mainly due to poor competitiveness of the sector. With regard to import penetration 

of the ANZSIC 231 sector, we found that it fell from 0.58 in the pre-reform period to 

0.40 in the post-reform period and in the ANZSIC 2311 sub-sector it increased 

marginally from 0.30 to 0.31 in the post-liberalisation period. 

 

Econometric results tend to suggest that industry protection lowers export expansion. 

We did not find any statistical evidence to support the view that export incentives are 

an effective means of export promotion in the Australian automotive industry. In 

fact, we found that such incentives have reduced export performance. Our results for 

the determinants of import penetration suggest that protection and industry 

assistance, as expected, lower imports penetration in the Australian automotive 

industry. 
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However, these results must be interpreted with considerable caution for the 

following reasons. First, in the absence of ERP data in the consistent format we were 

forced to use NRP to capture the effects of protection. NRP does not reflect the 

actual level of protection offered to the Australian automotive industry. As such, the 

Australian automotive industry imports intermediate inputs at much lower tariff, 

making ERP much higher than what the nominal tariff on PMV reflects. 

 

Second, due to unavailability of industry assistance data for the period covered by 

this study we have relied on a dummy variable to capture the effects of industry 

assistance. The use of a dummy variable fails to capture the magnitude of assistance 

between the years, which has recently changed significantly. Lastly, due to relative 

short period of time series data, we have not taken the delayed response time of the 

variables that would have occurred when liberalisation policy reforms were 

introduced. 

 

Despite these data limitations, our results provide some useful insights for policy 

developments. 

 

Chapter 6 will summarise the key findings and outline policy implications of this 

study and provide directions for future research. 
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Chapter 6:  Major Findings and 

Policy Implications 

 

 

6.1 Introduction 

 

The Australian automotive industry started taking shape with the production of a 

steam driven carriage at the end of the nineteenth century. The first Holden motor car 

came off the assembly line in 1948. Given the small size of domestic market, the 

industry was provided high protection through tariff and non-tariff measures. By the 

early 1970s, it was increasingly realised that excessive protection had made the 

industry highly inefficient, leading to significant reforms in the mid-1980s. Since 

then, the Australian automotive industry has experienced a significant increase in 

competition as reflected by a gradual decline in ERP, which fell from 143 per cent in 

the mid-1980s to about 12 per cent by 2008. The automotive industry has played an 

important role in the areas of employment, exports and manufacturing VA. The 

industry has become highly integrated with substantial intra-firm and intra-industry 

linkages developed. 

 

The Australian automotive industry currently contributes about five per cent to 

manufacturing employment, about six per cent to manufacturing VA, five to total 

export by 2008. The purpose of this thesis is to investigate how the change in policy 

regime and resulting structural change has influenced the competitiveness of the 

Australian automotive industry. In particular, we investigate the effects of policy 

liberalisation on trade and productivity performance in the ANZSIC 231 sector, and 

the ANZSIC 2311 sub-sector within the industry. More specifically, the main 

objectives of this study are to answer the following research questions: 

 

(i) In moving away from a highly protected environment towards an increasingly 

open and competitive environment, how have the structure of the ANZSIC 

231 sector and the ANZSIC 2311 sub-sector changed? 

(ii) Do significant relationships exist between liberalisation reforms and the TFP 

growth in the ANZSIC 231 sector and the ANZSIC 2311 sub-sector? 
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(iii) Do significant relationships exist between liberalisation reforms and trade 

orientation (export intensity and import penetration) in the ANZSIC 231 

sector and the ANZSIC 2311 sub-sector? 

 

The chapter is organised as follows. Section 6.2 summarises the major findings and 

policy implications of this study. The limitations of the study are discussed in 

Section 6.3. The chapter concludes in Section 6.4 with suggestions for future 

research. 

 

6.2 Major Findings and Policy Implications 

 

The Australian government has shielded the Australian automotive industry, 

particularly the ANZSIC 2311 sub-sector, which is a major sub-sector within the 

Australian automotive industry, from international competition through tariff and 

NTBs until the Button reforms, which were introduced in 1985. While tariffs have 

been significantly reduced and NTBs have been dismantled significantly, as 

discussed in Chapter 3, the government continues to provide transitionary assistance 

to keep the industry economically sustainable in the face of growing international 

competition. Following the Bracks Review, this assistance will be extended until the 

end of 2020. 

 

Analysis presented in this thesis clearly demonstrates significant structural changes 

in the ANZSIC 231 sector, and the ANZSIC 2311 sub-sector. We found substantial 

growth in the industry’s turnover, VA, exports, imports, but there was only a 

marginal improvement in TFP. 

 

6.2.1 Productivity Growth 

 

The findings of this study do not confirm the hypothesis that protectionist policies 

during the pre-reform period led to the poor productivity growth in the automotive 

industry. We observed that TFP growth in the ANZSIC 231 sector has become 

negative after implementation of liberalisation policy reforms. However, the effect of 

reforms on TFP growth in the ANZSIC 2311 sub-sector remains inconclusive. 
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However, the rate of decline in productivity growth was lower in the ANZSIC 231 

sector than the ANZSIC 2311 sub- sector. This difference could be attributed to the 

fact that the ANZSIC 231 sector was not as protected from competitive pressures as 

the ANZSIC 2311 sub-sector. Nonetheless, for a significant period, both sub-sectors 

experienced negative TFP growth. 

 

In both the ANZSIC 231 sector and the ANZSIC 2311 sub-sector, the study is 

inconclusive with regard to the hypothesis that higher export intensity can improve 

or retard productivity growth. However, economies of scale and export growth would 

remain the major determinants of TFP growth. This tend to suggest that the greater 

the economies of scale and export orientation, the better the productivity outcomes. 

This suggests that every attempt should be made to promote exports and encourage 

the Australian automotive industry to produce in large-scale to enjoy economies of 

scale. Our results also indicated that industry assistance negatively affects TFP 

growth, though in the ANZSIC 2311 sub- sector this is not statistically significant. 

Hence, phasing out industry assistance gradually might be useful to accelerate TFP 

growth in the Australian automotive industry. 

 

6.2.2 Trade Orientation 

 

With regard to trade orientation in the Australian automotive industry as a whole, we 

observed a rise in exports and imports in real terms. For instance, exports on an 

average increased from about $576 million in the pre-reform period to $3.6 billion in 

the post-reform period while imports rose from $2.2 billion to $13.2 billion. The rise 

in exports may have been due to increased participation of foreign firms who have 

well-established marketing networks. However, we were unable to test this 

hypothesis statistically as foreign investment variable was deleted from the final 

models of export orientation and import penetration. We do not find any evidence to 

support the view that export incentives are an effective means of export promotion. 

We also find that gradual decline in protection appears have contributed to a rise in 

automotive imports possibly because the domestic production is not competitive to 

compete with imports of automotive. 
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It should be noted that despite growth in both output and exports in the post-

liberalisation period, productivity improvement in both the ANZSIC 231 sector and 

the ANZSIC 2311 sub-sector has been fluctuating and these sectors underwent 

frequent negative TFP growth during most of the periods covered by this study.  

 

As discussed earlier, compared with the expansion of the global automotive industry, 

the actual market share of the Australian automotive industry has continued to 

diminish throughout the study period, despite the overall increase in automotive 

production and exports. Clearly, the process of trade liberalisation has failed to make 

the sector internationally competitive as predicted by the neo-classical economists. 

 

While these results are interesting has significant policy implications for automotive 

reforms in the country, they should be taken with a great deal of caution, which will 

be discussed in the next section. Our findings could be retested in future research 

when further reliable data become available. 

 

6.3 Limitations of the Study 

 

While the results of this study are interesting in understanding the effects of trade 

liberalisation on the Australian automotive industry, in interpreting these results 

major limitations of the study should be kept in mind. One of the major limitations of 

this study is the inherent weaknesses in the available automotive industry database. 

Direct measures of certain relevant independent variables were not available and best 

estimates and proxies had to be used. For instance, in the absence of data in foreign 

participation for the entire study period we had to rely on a dummy variable to 

capture its effect on TFP and trade orientation. However, the use of a dummy 

assumes that the level of foreign investment is the same across all sectors in the 

Australian automotive industry when in fact the intensity of foreign investment can 

vary from year to year and sector to sector. Likewise, in the absence of ERP data for 

the entire study period, we were forced to use the NRP as an indicator of protection. 

As discussed previously, the use of NRP as an indicator of protection fails to capture 

the actual level of protection offered to the Australian automotive industry. 
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Unlike many advanced economies, Australia lacks appropriate price indices for 

productivity growth analysis, in particular wholesale price indices for specific sectors 

of the Australian automotive industry. In addition, there is very limited time series 

data on the Australian automotive sector. For instance, from 1968 to 2003, the ABS 

compiled automotive data did not have a consistent ANZSIC sub-sector 

classification. The comparability of the ABS data over the period from 1968 onwards 

was problematic due to the impact of methodological changes and ANZSIC 

classification changes. 

 

The methodology applied in depreciating and estimating capital stock is not clear, 

which raises questions about the quality of capital stock data. The basic industry data 

that were available failed to provide vital information, such as the demand for 

intermediate inputs, energy, R&D expenditure, foreign investment and the skills used 

in the industry. This prevented the study from using these variables in the 

econometric investigation of the determinants of TFP and trade orientation. 

 

6.4 Suggestions for Future Research 

 

The empirical investigation on the link between liberalisation reforms and the 

structural changes in the Australian automotive industry’s competitiveness are 

limited and the available few studies including the present study109 rely heavily on 

aggregated industry-level data in the absence of a well-developed database. 

 

There is a need for a more systematic and in depth analysis based on disaggregated 

firm-level data for each of the sub-sectors within the Australian automotive industry 

to inform policy debate. Such study would provide better insights into the effect of 

liberalisation on structural change, especially on productivity and trade performance 

of the sector. 

 

                                                 
109 For example, Industry Commission (1997), the Productivity Commission (2002), Dixon and 
Rimmer (2003) and Sanidas and Jayanthakumaran (2003, 2006). 
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For both export intensity and import penetration, a pattern of decline followed by 

growth can be observed over the entire period of the study. Because of the short time 

frame of available data, the discussion was limited to examining the average 

positions of export intensity and import penetration in each period.  Study of this 

decline and growth in export intensity and import penetration would provide better 

policy insights into the effect of liberalisation on trade orientation of the Australian 

automotive industry. 

 

Data of better quality and integrity are likely to be available in future. The 

availability of such data will make it possible for researchers in the future to 

comparatively assess productivity performance during the different phases of 

liberalisation reforms and between various sub-sectors with the Australian 

automotive industry. 

 

The availability of automotive industry data at the same level of aggregation as the 

manufacturing sector’s data would certainly assist in developing appropriate industry 

policy. These statistical issues need to be considered by the ABS, the RBA and the 

Department of Industry, Innovation, Science and Research. 
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Appendix 1: Appendix to Chapter 1 

 

ABS Classification: ANZSIC 231 and ANZSIC 2311 

 

Division C: Manufacturing 

Subdivision 23: Transport equipment manufacturing  

Group 231: Motor vehicle and motor vehicle part manufacturing comprises of  

Class 2311: Motor Vehicle Manufacturing 

Class 2312: Motor Vehicle Body and Trailer Manufacturing 

Class 2313: Automotive Electrical Component Manufacturing 

Class 2319: Other Motor Vehicle Parts Manufacturing 

Class 2311: Motor vehicle manufacturing consists of units mainly engaged in 

manufacturing motor vehicles or motor vehicle engines. 

 

Primary activities  

• Bus manufacturing 

• Hydrogen, fuel cell, hybrid or electric vehicle manufacturing 

• Motor car manufacturing 

• Motor vehicle assembling 

• Motor vehicle engine manufacturing 

• Truck manufacturing (except off-highway) 

• Van manufacturing 

 

Exclusions/References  

Units mainly engaged in 

• converting motor vehicle bodies (car, bus or truck) using an existing engine 

and chassis are included in Class 2312 Motor Vehicle Body and Trailer 

Manufacturing; 

• manufacturing motor vehicle parts are included in Class 2319 Other Motor 

Vehicle Parts Manufacturing; 

• manufacturing motor cycles and transport equipment n.e.c. (including 

unusual terrain vehicles such as hovercrafts) are included in Class 2399 Other 

Transport Equipment Manufacturing n.e.c.; 
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• manufacturing off-highway trucks are included in Class 2462 Mining and 

Construction Machinery Manufacturing; 

• manufacturing forklift trucks are included in Class 2491 Lifting and Material 

Handling Equipment Manufacturing; and 

• repairing or maintaining motor vehicles are included in the appropriate 

classes of Group 941 Automotive Repair and Maintenance. 
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Appendix 2: Appendix to Chapter 1 

 

VFACTS Motor Vehicle Classifications and Definitions 
PMVs Sports Utility Vehicles Light Trucks Heavy Trucks 

Passenger vehicles are 
classified dependent on size, 
specification and average retail 
pricing. Vehicle size is based on 
wheelbase x track but it is not 
an exclusive criteria for 
determining segmentation. 
Price banding of entrants is 
determined by the FCAI based 
on price relativity. 

Vehicles classified as 
Sport Utility Vehicles 
(SUV) meet the FCAI 
criteria for classifying 
SUV vehicles based on 
a wagon body style, 
ground clearance and 
design purpose. 

Vehicles designed 
principally for 
commercial use but 
may include 
designs intended for 
non-commercial 
applications. 

Vehicles 
designed for 
exclusive heavy 
commercial 
application. 

Light Compact Vans 
Truck 3,501-
7,500 kgs GVM 

Design: sedan; hatch; wagon. Design: wagon Blind and window    
Engine: 3-4 cyl. Engine: 4-6 cyl. vans.   

Seating: 2/4/5 seat 
Driven wheels: 2/4 & 
AWD 

   

Small Medium 
Pick-up / Chassis 
4x2. 

Truck 7,501-
15,500 kgs GVM 

Design: sedan; hatch; wagon. Design: wagon Two wheel drive,    
Engine: 4-6 cyl. Engine: 4-8 cyl. central control cab   

Seating: 2/4/5 seat 
Driven wheels: 2/4 & 
AWD 

utility, cab chassis 
and crew cab. 

  

Medium Large 
Pick-up / Chassis 
4x4. 

Truck 15,001 
kgs & over 
GVM 

Design: sedan; hatch; wagon. Design: wagon Two wheel drive,    
Engine: 4-12 cyl. Engine: 6-8 cyl. central control cab   

Seating: 2/4/5 seat 
Driven wheels: 2/4 & 
AWD 

utility, cab chassis 
and crew cab. 

  

Large Luxury Light Buses 
Buses 3,501 kgs 
& over GVM 

Design: sedan; wagon. Design: wagon 8+ Seats, up to    
Engine: 6-12 cyl. Engine: 4-12 cyl. 3500 kgs GVM   

Seating: 2/4/5 seat 
Driven wheels: 2/4 & 
AWD 

   

Upper Large   
Trucks 2.5-3.5 
Tonne 

  

Design: sedan.  Forward control kgs   
Engine: 6-12 cyl.  cab, 2,500-3,500   
Seating: 4/5 seat  GVM   

People Movers       

Design: wagon.     
Engine: 4/6/8 cyl.     
Seating: 7 plus     

Sports       

Design: coupe; convertible. 
2&4 door 

    

Engine: 3-12 cyl.     
Seating: 2/4 seat     

Note: These parameters are indicative only; exceptions do occur based on market focus and other 
subjective criteria. They are largely based on the specifications listed and are reflective of the 
volume-selling variant where cross over occurs. 
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Appendix 3: Appendix to Chapter 1 

 

OECD: Productivity Measurement: Theory and Practice 

 

The OECD Productivity Manual (2001) presents theoretical foundations to 

productivity measurement, and discusses implementation and measurement issues, 

and briefly interpretation and use of the productivity measures. The main objectives 

of the manual are to provide a guide to productivity measurement, improve 

international harmonisation by indicating desirable properties of productivity 

measures, and identify desirable characteristics of such measures by reference to a 

coherent framework linking economic theory and index number theory. The manual 

cautions that desirable properties of productivity measurement exercises need to be 

assessed against the reality of data availability or the costs of producing statistics. 

 

The focus of the manual is on productivity measurement at the industry and 

aggregate level of the economy, and on non-parametric methods of productivity 

measurement, rather than on international comparison of productivity levels. 

Econometric methods, as opposed to non-parametric approaches to productivity 

measurement are a tool more frequently used ‘in the context of individual, academic 

research projects’. 

 

Generally, productivity is defined as a ratio of a volume measure of output to a 

volume measure of input use. However, one cannot find a unique purpose for, or a 

single measure of productivity. The objectives of productivity measurement include 

tracing technical change; elimination of technical and organisational inefficiencies, 

and identifying real cost savings. Technology is described as ‘the currently known 

ways of converting resources into outputs desired by the economy’ (Griliches, 1987 

cited in OECD, 2001, p. 11). Technology either appears in its disembodied form or 

embodied in new products. In spite of the frequent explicit or implicit association of 

productivity measures with technical change, the linkage between the two is not so 

clear. 
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Identifying efficiency improvements conceptually differs from identifying technical 

change. Full efficiency refers to a production process when the maximum amount of 

output physically achievable with current technology is achieved from a fixed 

amount of inputs (Diewert & Lawrence, 1999, cited in OECD, 2001, p. 11). 

Technical efficiency refers to achieving ‘best practice’, or eliminating technical and 

organisational inefficiencies. Yet, not all forms of technical efficiency may make 

economic sense, which leads to the notion of allocative efficiency, which relates to a 

firm’s profit-maximising behaviour. 

 

Conceptually, isolation of different types of efficiency changes, technical change and 

economies of scale is possible, but in practice, this isolation is complex. There is ‘a 

myriad of sources behind productivity growth’ that are named as real cost savings, 

which would provide a pragmatic way to describe the essence of measured 

productivity change. Productivity is typically measured residually. In addition to the 

above factors, this residual measure also captures changes in capacity utilisation, 

learning-by-doing and diverse measurement errors. Hence, productivity measurement 

could be seen as ‘a quest to identify real cost savings in production’ (Harberger, 

1998, cited in OECD, 2001, p. 11). Comparison of productivity measures can assist 

identifying inefficiencies in specific production processes. Such productivity 

measures are generally expressed in specific physical units. Plant to plant 

comparisons can be made using such comparisons, but the resulting productivity 

measures are difficult to combine or aggregate. 

 

The choice between different productivity measures depends on the purpose of the 

measurement and on the availability of data. Productivity measures can be classified 

as single factor productivity measures110 or MFP measures.111 Also of particular 

relevance at the industry or firm level is between productivity measures that relate a 

measure of gross output to one or more inputs and the measures that use a VA 

concept to capture movements of output. Broad trends that do not fall within 

theoretical frameworks of productivity measurement need be interpreted with 

appropriate caution. Yet, one should also be aware of simplifications that occur in 

practice. 

                                                 
110 Relating a measure of output to a single measure of input. 
111 Relating a measure of output to a bundle of inputs. 
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The most frequently used productivity measures and the criteria to enumerate them 

are shown in Table 1 above. 

 

The measures cover the ones with labour or capital inputs with each one 

differentiated based on its output measure, i.e., gross output or VA. The measures 

also cover MFP with capital and labour inputs, again differentiated based on its 

output measure, and KLEMS MFP with capital, labour and intermediate inputs 

(energy, materials and services) based on gross output. However, labour productivity 

based on VA output is the most frequently computed measure, followed by capital-

labour MFP and KLEMS MFP. 

Labour productivity based on gross output (LPij) is defined as: 

LPij =	 �Quantity	index	of	gross	output)(Quantity	index	of	labour	input) 

 

The advantages of this measure include its ease of measurement and readability. It 

requires only prices indices on gross output. Intermediate inputs are required for the 

VA based measure. The deficiencies are that it is a partial measure of productivity. It 

reflects the joint influence of many factors, and can be misinterpreted as the 

productivity due to technical change or as the productivity of the individual 

employees in the labour force. 
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Labour productivity, based on VA (LPpq) is defined as: 

LPpq =	 (Quantity	index	of	VA)
(Quantity	index	of	labour	input) 

 

Again, the advantages and disadvantages of this measure are the same as for LPij. 

Additionally, LPpq based on a double-deflation procedure with fixed-weight indices 

suffer from several theoretical and practical drawbacks. 

 

Capital-labour MFP based on VA (MFPpq) is defined as: 

 

MFPpq =	 (Quantity	index	of	VA)
(Quantity	index	of	combined	labour	and	capital	input) 

 

The advantages of MFPpq are ease of aggregation across industries, and its simple 

conceptual link of industry-level MFP and aggregate MFP growth. Data is directly 

available from national accounts. However, this does not represent a good measure 

of technology shifts at the industry or firm level. When based on VA that has been 

double-deflated with a fixed weight quantity index, the measure suffers from 

conceptual and empirical drawbacks. 

 

Capital productivity based on value added (CPpq) is defined as: 

 

CPpq =	 (Quantity	index	of	VA)
(Quantity	index	of	capital	input) 

 

The advantages of CPpq are its ease of readability. Again, CPpq is a partial 

productivity measure and reflects the joint influence of many factors. At times, there 

is confusion between rates of return on capital and capital productivity. 
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KLEMS MFP (MFPstuvw) is defined as: 

 

MFPstuvw =	 (Quantity	index	of	gross	output)
(Quantity	index	of	combined	inputs) 

 

Conceptually, MFPstuvw  measures technical change by industry most appropriately, 

as it acknowledges the role of intermediate inputs in production; ‘Domar’ 

aggregation of MFPstuvw across industries provides an accurate picture of the 

contributions of industries to aggregate MFP change. Yet, this measure requires has 

significant amounts of data. Inter-industry links and aggregation across industries are 

more difficult to communicate than in MFPpq. 

 

Certain simplifying assumptions112 have been made for using factor income shares as 

weights. These assumptions may not be real in real reality, though they provide a 

reasonable approximation to many markets. In addition, productivity analysis has 

developed methods to handle situations when some of these assumptions do not 

prevail. 

 

An econometric approach could be chosen instead; however, more complex 

methodology or enhanced data are required under such circumstances. If the above 

assumptions hold approximately, construction of productivity measures only on the 

basis of price and quantity observations is possible, which is advantageous over 

econometric methods where larger data sets are needed. Econometric approach to 

productivity measurement, which is based only on observations of volume outputs 

and inputs, avoids postulating a relationship between production elasticities and 

income shares. This may or may not correspond to reality. 

 

Econometric techniques enable allowing for adjustment cost113 and variations in 

capacity utilisation. They also enable investigating forms of technical change. Prior 

                                                 
112 Production processes can be represented by production or transformation functions at various levels 
of the economy. For example, Production functions relate maximum producible output to sets of 
available inputs; Producers behave efficiently, i.e. they minimise costs and/or maximise revenues and 
Markets are competitive, and market participants are price-takers who can only adjust quantities but 
not individually act on market prices. 
113 The possibility that changes in factor inputs are increasingly costly, the faster they are 
implemented. 



 

150 

 

assumption of constant returns to scale of production functions is not necessary. Yet, 

fully-fledged models raise complex econometric issues and sometimes the robustness 

of results is questioned. Researchers are usually constrained by the sample size of 

observations, and have again to revert to a priori restrictions (for example, constant 

returns to scale) to increase the degrees of freedom for estimation. 

 

The Manual cited Hulten (2001) who identified that the econometric and the index 

number approach can be used synergistically. Overall, econometric approaches are 

‘best suited for academically oriented, single studies of productivity growth’ (OECD, 

2001, p. 19). They are a valuable complement to the non-parametric, index number 

methods that are the recommended tool for periodic productivity statistics. The 

manual refers to a production function that relates the maximum quantity of gross 

output (Q) that can be produced by all inputs both primary114 ones (X), and 

intermediate ones (M). The function also contains a parameter A(t), which captures 

disembodied technological shifts. 

 

This production function is defined as: 

 

Q	 = 	H(A, X,M) 	= 	A(t). F(X,M) 
 

Despite this discussion, labour remains the single most important input, and is 

measured as the total number of hours worked. However, statistical issues arise when 

the hours actually worked are measured. The quality of hours-worked estimates and 

their degree of international comparability usually needs clarification. Labour 

income and labour shares reflect the compensation paid to labour from a producer’s 

point of view; however, in reality, when it comes to measurement many conceptual 

and empirical questions arise. 

 

Measurement of VA based productivity or gross-output based productivity requires 

information on prices and quantities of the flow of intermediate inputs purchased. 

Imported intermediate inputs comprise an important data element for productivity 

measurement, even when the whole economy is considered. Generally, a full set of 

                                                 
114 Labour and capital. 
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intermediate input price and quantity indices is not available. This objective can be 

achieved by the development and the maintenance of input-output tables. Although 

production and maintenance of input-output tables are costly, they are extremely 

valuable as a tool for analysis. 
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Appendix 4: In Lieu of a Postscript: Appendix to Chapter 3 

 

The Bracks Review, the New Car Plan for a Greener Future and the GCIF 

 

The Bracks Review 

 

The establishment of a $500 million GCIF was one of the climate change policies 

announced by the Labour Party when in Opposition as part of its federal election 

campaign in 2007. The policy imperative for establishing the GCIF did not 

differentiate between automotive technologies but welcomed the contest of 

technologies that would embrace innovation in tackling global warming. The need of 

the Australian industry to become an integral link in the global supply chain was also 

considered an export priority. The objective was for catapulting Australia into a 

leading position in the global development and application of green car technology. 

 

In February 2008, the government conducted a review (known as the Bracks Review) 

of the Australian car industry. The Bracks Review provided the basis for A New Car 

Plan for a Greener Future. The $6.2 billion New Car Plan was announced in 

November 2008 with a 13-year long commitment to make the industry more 

environmentally sustainable. The New Car Plan was expected to generate $16 billion 

in new investment, equivalent to 17 per cent of industry gross VA. It included an 

expanded GCIF running over ten years, with up to $1.3 billion in funding to provide 

Australian car companies with an opportunity to receive government funding to 

design and sell environmentally friendly cars. Thus, the Australian automotive 

industry was positioned to play a key role in responding to global warming. 

 

The expectation was that the Australian automotive industry, with its innovative 

design and engineering base, was well positioned ‘to respond to global demand for 

low-emissions, fuel-efficient cars in every vehicle class, including the large 

passenger cars produced in Australia’ (DIISR, 2008). The Fund was considered 

important in re-structuring the industry to an economically and environmentally 

sustainable future. However, investment decisions in the automotive industry are 

made in the context of long product development cycles. Therefore, the government 
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did not expect the full benefits of the Fund to materialise and become evident soon 

after the support was provided.  

 

The $1.3bn GCIF was launched in April 2009 and commenced providing assistance, 

on a co-investment basis, over ten years to design, develop and manufacture low-

emission, fuel-efficient cars and components in Australia. It is also a key part of the 

government’s $6.2 billion New Car Plan for a Greener Future. The New Car Plan 

was designed to transform and renew the Australian automotive industry so that it 

will become more economically and environmentally sustainable while generating 

high-skill, high-wage employment opportunities. It was also expected to support 

research, development and early stage commercialisation of green Australian 

automotive technologies. 

 

The new policy calculus was designed to ‘better support the Government’s 

greenhouse emissions targets, accelerate the production of locally built hybrid cars 

and position the industry nearer the forefront of green car technology’ (DIISR, 

2008). Implementation of the GCIF has resulted in the three MVPs receiving targeted 

funding to support start-up production of hybrid and other fuel-efficient models. A 

major portion of this funding was earmarked under the ACIS Stage 2: Motor Vehicle 

Producer R&D Scheme. 

 

The automotive sector is the cornerstone of Australian manufacturing, and 

manufacturing is the cornerstone of the Australian economy. The global recession hit 

our manufacturing sector hard, and companies and workers have responded 

creatively to minimise the loss of skills and capacity. The industry is now in a 

position to take advantage of the recovery and new opportunities in major markets 

like those in China. 

 

The AIG’s Performance of Manufacturing Index has had a reading of above 50 over 

the last year, indicating that the automotive industry activity is currently expanding. 

The year 2009 ended strongly for the automotive sector, with record numbers of 

vehicles including Australian-made vehicles sold. The government believes in the 

Australian automotive industry’s resilience, its capacity for innovation and its 

continuing value to the Australian economy. 
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Appendix 5: Appendix to Chapter 3 

 

Australian Motor Vehicle Production, Imports & Exports 

 

Year 
Australian 

Production 
% Imports % Total Exports % 

1980 365,334 66.2 186,905 33.8 552,239 3,184 0.9 

1981 376,595 64.8 204,778 35.2 581,373 2,500 0.7 

1982 381,522 64.1 223,346 37.5 595,360 861 0.2 

1983 334,575 60.7 224,729 40.8 550,937 2,897 0.9 

1984 368,188 59.7 260,987 42.3 617,205 1,525 0.4 

1985 403,138 60.4 258,806 38.8 667,628 2,541 0.6 

1986 331,948 65.3 173,535 34.1 508,235 4,594 1.4 

1987 317,421 73.0 115,131 26.5 434,779 10,119 3.2 

1988 343,248 68.5 163,285 32.6 501,128 1,921 0.6 

1989 352,064 60.5 242,139 41.6 582,202 6,392 1.8 

1990 361,494 60.7 242,263 40.7 595,475 25,620 7.1 

1991 273863 55.0 223,671 45.0 497,534 27,604 10.1 

1992 269,155 51.0 258,366 49.0 527,521 25,627 9.5 

1993 271,836 50.3 268,567 49.7 540,403 26,328 9.7 

1994 296,679 49.6 301,241 50.4 597,920 22,253 7.5 

1995 290,946 46.6 333,875 53.4 624,821 22,693 7.8 

1996 283,323 44.6 351,565 55.4 634,888 39,544 14.0 

1997 270,267 38.3 435,797 61.7 706,064 54,999 20.3 

1998 290,442 36.8 497,859 63.2 788,301 53,994 18.6 

1999 280,043 36.5 486,495 63.5 766,538 73,450 26.2 

2000 248,405 32.4 519,110 67.6 767,515 94,058 37.9 

2001 238,100 31.6 515,912 68.4 754,012 113,821 47.8 

2002 249,059 31.0 554,118 69.0 803,177 112,088 45.0 

2003 276,375 31.2 609,303 68.8 885,678 120,178 43.5 

2004 274,537 29.6 652,211 70.4 926,748 131,474 47.9 

2005 248,912 26.0 708,062 74.0 956,974 142,022 57.1 

2006 201,623 21.7 729,409 78.3 931,032 132,742 65.8 

2007 200,485 
19.8 

812,266 80.2 
1,012,75

1 140,233 
69.9 

2008 171,432 17.6 804,807 82.4 976,239 159,876 93.3 

Sources: Estimated by the author based on ABS, AAI, DIISR and other sources 
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Appendix 6: Appendix to Chapter 4 

 

Data: Sources, Issues and ANZSIC06-ANZSIC93 – Compatibility 

 

As mentioned in Chapter 4, this study secures data from the large number of sources. 

For example, exports and imports are collected from Key Automotive Statistics 

(current), ABS (1974 to 1984), Production Statistics, Australia, published by 

Commonwealth Bureau of Census and Statistics (1963 to 1973), Automotive Industry 

Matters (AIM May 1968 to July 1981) and Report on the State of the Automotive 

Industry (1986 to 2003) published by the Department of Industry Science and 

Resources.115 Exchange rates, GDP and deflators are obtained from the Bulletins of 

the RBA and the ABS. The ABS is a secondary data source on the industry. The 

Review of Australia's Automotive Industry by the Hon Steve Bracks (2008) and 

inquiry reports by Industries Assistance Commission, IC, Productivity Commission, 

The Automotive Industry—Statistical Handbook by the Tariff Board (1973) and the 

publication Economic Statistics for the Australian Automotive Industry by the 

Institute of Applied Economic and Social Research (Johnson, 1987) were also used 

as secondary data sources. FAPM in Australia is a primary and secondary source of 

information while the Federal Chamber of Automotive Industries (FCAI), the peak 

Australian automotive industry body, is also a secondary data source. 

 

For the recent years, data on exchange rate, vehicle production, PMV exports and 

imports, number of persons employed, tariff rates, and labour productivity are 

available from the Australian Automotive Intelligence Yearbook. Estimates of tariff 

rates are available also from 100 Years of Tariff Protection in Australia published by 

the University of Melbourne (Lloyd, 2007), the IC and Productivity Commission. 

 

From 1968 to 2003, the ABS compiled automotive data did not have a consistent 

ANZSIC classification of the industry sub-sectors. The comparability of the ABS 

data over the period from 1968 onwards was problematic due to the impact of 

                                                 

115 The Industry Science Resources covered the following tariff classifications 8703.21.10, 
8703.22.10, 8703.23.10, 8703.24.10, 8703.31.10, 8703.32.10, 8703.33.10 and 8703.90.10 from 1985. 
The Industry Science Resources provide consistent exports and imports data. Previous data were 
obtained from the ABS catalogue number 5416. 
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methodological changes and ANZSIC classification changes. There was no quarterly 

data available, as ABS only collected data on a yearly basis or once every several 

years. 

 

The Manufacturing Industry Survey 8221.0 provides four-digit level data up until 

2006–07. After the Manufacturing Industry Survey ceased, it was rolled into the 

Australian Industry Survey 8155.0. In this survey in its current form, manufacturing 

data is available to the subdivision level only and not to the four-digit level that is 

required for this study. 

 

The concordance of the Industry classes between the two ANZSIC classifications is 

as follows: 

 

ANZSIC06–ANZSIC93—Compatibility 

 

ANZSIC93–ANZSIC06 

 

ANZSIC 2006 ANZSIC 1993 

2311 Motor Vehicle Manufacturing 2811 Motor Vehicle Manufacturing 

2312 Motor Vehicle Body and Trailer 
Manufacturing 

2812p Motor Vehicle Body 
Manufacturing 

2313 Automotive Electrical Component 
Manufacturing 

2813 Automotive Electrical and 
Instrument Manufacturing 

2319 Other Motor Vehicle Part 
Manufacturing 

2819 Automotive Component 
Manufacturing n.e.c. 
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ANZSIC06–ANZSIC93 

 

ANZSIC 1993 ANZSIC 2006 

2811 Motor Vehicle Manufacturing 2311 Motor Vehicle Manufacturing 

2812 Motor Vehicle Body Manufacturing 
2312 Motor Vehicle Body and Trailer 
Manufacturing 

 
9412p Automotive Body, Paint and Interior 
Repair 

2813 Automotive Electrical and Instrument 
Manufacturing 

2313 Automotive Electrical Component 
Manufacturing 

2819 Automotive Component Manufacturing 
n.e.c. 

2319 Other Motor Vehicle Part 
Manufacturing 

 

 

To ensure reliability and validity, this data were crosschecked with the data obtained 

from the publications of the ABS and the Department of Industry, Innovation, 

Science and Research (DIISR). 

 

The collected data was edited to reduce measurement errors by identifying missing 

or abnormal data. The data differed to a relatively small degree. These differences 

were apparently caused by slight changes in definitions and reclassifications, which 

have resulted in data inconsistencies over time. Hence, interpreting this data was 

done cautiously. For some years, the data was not available; for example, industry 

employment is taken as the annual average until 1989. Data was not collected in 

1971 and 1986. Total vehicle production comprised the total number of PMVs, light 

trucks, sport utility vehicles and heavy commercial vehicles. 

 

To maintain consistency in the relevant series, data in certain cases are estimated in 

comparison with the data of the previous years and/or series of aggregated data 

available for inclusive classifications and some adjustments have been made. 
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The data estimates relating to the industry output, wages & salaries for labour, VA, 

imports and exports of each four-digit sector are deflated by the relevant index (see 

Appendix 2). There are two sets of deflator price indices for exports, imports and 

goods published by the RBA, one set for the period 1962 to 1995 on a base of 

1989/90 = 100 and the other for the period 1986 to 2008 on a base of 2007/08 = 100. 

All indices are adjusted to deflator price indices on a base of 2007/08 = 100. 

 

Until 1994–95, the ABS used constant price estimates of data. The ABS now 

compiles chain volume measures as a better measure of growth in certain industry 

fields. Chain volume measures comprise annually reweighted chain Laspeyres 

volume measures. They are formed in a multi-stage process of which the major steps 

are described in Chapter 10 of the Australian System of National Accounts: 

Concepts, Sources and Methods, 2000 (Cat. no. 5216.0). 
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Appendix 7: Appendix to Chapter 4 

ANZSIC 231: Estimates of Growth of Value Added, Labour Input and 

Capital Input in $ millions 1962–2008 

Year VA Growth $ mil 
Labour 

Growth $ mil 
Capital Growth 

$ mil 

1962 - - - 
1963 -23.54 4.82 -1.08 
1964 21.39 10.33 3.24 
1965 59.97 1.23 4.03 
1966 47.50 -2.06 4.61 
1967 26.95 8.20 6.08 
1968 50.90 10.82 2.83 
1969 82.32 12.18 2.82 
1970 219.58 30.25 12.77 
1971 215.34 131.56 8.22 
1972 66.85 19.29 -8.62 
1973 -173.87 27.03 -0.45 
1974 -19.48 95.92 14.73 
1975 192.00 46.80 21.97 
1976 224.91 192.33 24.75 
1977 167.80 15.39 30.66 
1978 431.25 102.70 13.10 
1979 -10.36 40.06 10.36 
1980 107.84 125.04 24.89 
1981 345.68 -25.64 29.00 
1982 -28.12 229.67 38.74 
1983 493.77 48.24 20.91 
1984 -29.91 46.86 40.42 

Pre-reform growth 2,468.77 1,171.02 303.98 

Pre-reform average 112.22 53.23 13.82 

1985 92.43 384.32 61.53 
1986 864.24 233.58 125.03 
1987 536.74 -5.97 79.39 
1988 -163.88 157.02 15.56 
1989 245.71 174.76 -10.17 
1990 258.37 167.60 -7.06 
1991 252.05 51.28 22.07 
1992 -334.81 -138.94 36.60 
1993 -559.94 131.41 56.09 
1994 -340.11 218.99 66.87 
1995 644.21 -13.55 43.09 
1996 142.68 169.02 62.31 
1997 381.25 186.93 14.21 
1998 1,012.12 -208.13 38.50 
1999 706.45 163.37 44.46 
2000 -492.59 912.83 8.77 
2001 -1,603.21 -284.91 -29.70 
2002 794.34 431.31 -36.26 
2003 -328.17 -10.20 18.78 
2004 734.32 69.92 -27.52 
2005 354.35 -18.50 -19.36 
2006 -396.08 45.40 -22.77 
2007 -711.03 -9.33 10.60 
2008 -196.07 -502.84 -40.09 

Post-reform growth 1,893.37 2,808.21 551.02 

Post-reform average 78.89 96.06 21.29 
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Appendix 8: Appendix to Chapter 4 

ANZSIC 2311: Estimates of Growth of Value Added, Labour Input and 

Capital Input in $ millions 1962 – 2008 

Year VA Growth $ mil 
Labour 

Growth $ mil 
Capital Growth 

$ mil 

1962 - - - 
1963 -18.60 3.00 -1.24 
1964 12.34 5.00 0.91 
1965 46.74 1.00 0.65 
1966 33.78 -1.00 0.50 
1967 28.80 4.00 2.27 
1968 32.93 5.00 1.33 
1969 65.18 6.00 -3.29 
1970 155.78 15.00 3.69 
1971 145.64 66.00 19.93 
1972 49.29 10.00 4.33 
1973 -128.20 13.00 3.44 
1974 -14.36 48.00 12.49 
1975 141.57 24.00 8.40 
1976 165.83 96.00 34.33 
1977 123.73 8.00 -3.36 
1978 317.98 51.00 23.10 
1979 -7.64 20.00 4.98 
1980 41.83 62.00 13.02 
1981 191.21 -12.00 11.54 
1982 -81.41 114.00 29.41 
1983 357.74 25.00 21.81 
1984 37.88 23.00 22.60 

Pre-reform growth 1,698.04 586.00 210.84 

Pre-reform average 77.18 26.64 9.58 

1985 33.01 192.00 39.72 
1986 569.69 117.00 75.52 
1987 351.07 -3.00 56.30 
1988 -116.06 78.00 9.25 
1989 172.31 88.00 -2.57 
1990 189.18 84.00 -0.67 
1991 169.09 -41.00 21.68 
1992 -193.46 -88.00 32.24 
1993 -334.99 94.00 17.06 
1994 -313.01 98.00 70.99 
1995 564.24 -91.00 17.14 
1996 63.23 39.00 17.99 
1997 -291.69 87.00 15.60 
1998 936.87 -215.00 14.20 
1999 466.41 -31.00 28.95 
2000 -355.75 729.00 -24.51 
2001 -1,696.91 -17.00 40.39 
2002 531.80 185.00 -89.02 
2003 -108.26 -109.00 -15.49 
2004 352.79 70.00 -13.01 
2005 261.12 -17.00 -23.08 
2006 -132.02 -8.00 -15.42 
2007 -509.27 -4.00 6.68 
2008 -102.93 -625.00 33.20 

Post-reform growth 506.46 612.00 313.14 

Post-reform average 21.10 25.50 13.05 
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Appendix 9: Appendix to Chapters 4 and 5 

 

Variables: Definitions and Their Measurement  

 

This appendix serves to define the variables that are used in this study and method 

used in their measurement. Data for the study were collected from the sources 

indicated in Appendix 4. Most variables used in this study were not readily available; 

a substantial amount of time had to be devoted for generating estimates of these 

variables. The definitions of the variables and their method of measurement are 

discussed below: 

 

TFP Growth  

 

The second choice of output definition is between gross output approach, that is, 

measuring output in physical terms, in deflated gross production and deflated VA 

(net output) approach. Methods of measuring TFP include index number approaches, 

econometric estimation of cost or production functions, or non-parametric methods 

such as data envelopment analysis. 

 

TFP growth can be estimated either in gross output terms (TFPyz) or in VA terms 

(TFP{|). In the earlier method, TFP growth is defined as output growth minus the 

weighted average growth rates of labour, capital and intermediate inputs. The 

weights are the value shares of each input. Gross output of the Australian automotive 

industry represents the total goods and services produced within the industry that 

become available for use outside the industry. It represents the value of sales and net 

additions to inventories without allowing for purchases of intermediate inputs. 

Intermediate inputs represent those factors of production that are endogenous to the 

present framework of production, i.e. those goods and services that are produced and 

transformed or used up by the production process within an accounting period. 
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Using the gross output approach requires intermediate inputs (such as energy, raw 

materials and auxiliary materials) to be treated as a separate factor of production. 

Intermediate inputs have significant influence on the TFP growth of the Australian 

automotive industry though an assumption that the intermediate inputs are separable 

from the primary inputs (i.e., capital and labour) would be misleading because of the 

significant relationships that exist between energy and capital, and energy and 

technical change. 

 

In the latter method, productivity growth is defined as growth in VA minus the 

weighted average growth in labour and capital, where the weights are the value 

shares of each input. Due to lack of availability of data on intermediate inputs, this 

study has estimated TFP growth using TFP{|. 

 

TFP growth estimates should be interpreted with some caution irrespective of the use 

of VA or gross output terms in its measurement. The use of TFP indices to estimate 

productivity growth rates assumes long-run equilibrium situations. Nonetheless, 

temporary equilibrium is a universal market characteristic. Interpretation of TFP in 

disequilibrium provides an ambiguous result (Ahluwalia 1991). Therefore, it is 

important to know the errors that may arise when short-run equilibrium prevails but 

long-run equilibrium is assumed in calculating TFP indices. 

 

Export Intensity (XQ) 

 

Export intensity of the Australian automotive industry in the year t is defined as:  

 

}z~
z�~ where, 

 

XO and OP represent the values of exports and production output respectively 

measured at 2007/08 constant prices. 

 

It should be noted that manufacturing data are based on the Australian and New 

Zealand Standard Industrial Classification (ANZSIC) used by the ABS. Changes to 

classifications of data are discussed in Appendix 5. 
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Import Penetration 

 

Import Penetration (import intensity) of the Australian automotive industry in the 

year t is defined as: 

 

TM

TQ
 + TM
 − TX


 

 

TM, TQ and TX refer to the total values of imports, output and exports respectively 

(measured at constant 2007–08 prices). Data sources and limitations are the same as 

discussed in Appendix 5 for the export intensity ratio.  

 

Nominal Rate of Protection 

 

Estimates of NRP include all trade taxes namely custom duties, sales tax and 

additional duties, but exclude QRs due to the lack of data. There is no consensus 

among economists as to the choice of appropriate measure of protection. Caves 

(1974) and Harrison (1994) prefer the use of ERP, while Cheh (1974) recommends 

the use of NRP as it is easy to estimate. ERP seems to be more appropriate, 

especially when there are discretionary and widespread tariff exemptions on the 

intermediate inputs. However, estimation of ERP is not possible due to the data 

limitations. Therefore, this study uses NRP to capture the effect of protection. 

 

Foreign Investment 

 

Foreign investment in the Australian automotive industry takes the form of capital 

investment and technology transfers. The three MVPs and most of the automotive 

firms in the supply chain are foreign-owned. Foreign investment data are not 

available. 

 

Capital Intensity 

 

Capital intensity is defined as fixed assets per employee, measured at constant 2007–

08 prices. 
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Intermediate Inputs (AM) 

 

Due to lack of availability of data, this study was unable to use the variable for 

intermediate inputs. 

 

Export Incentives 

 

A dummy variable is used to capture the effect of export incentives. The value of 

dummy will be 1 if the industry has enjoyed export subsidies and/or incentives. The 

Australian automotive industry as a whole had to access to export incentives from the 

year 1980 onwards. 

 

Industry Assistance 

 

A dummy variable is used to capture the effect of the government’s industry 

assistance. The value of dummy will be 1 if the industry has enjoyed industry 

assistance from the government. The Australian automotive industry as a whole 

received government assistance from the year 1980 onwards. 

 

Economies of Scale (EOS) 

 

In this study, we use VA growth as proxy for economies of scale. 
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Appendix 10: Appendix to Chapters 4 and 5 

 

 

Econometric Notes 

 

Introduction 

 

This Appendix discusses and outlines the diagnostic tests carried out in the 

estimation of the models of productivity growth, export intensity and import 

penetration. These tests are applied to determine any internal defects such as 

functional form misspecification, multicollinearity, autocorrelation, 

heteroscedasticity in alternative specifications of each equation for selecting the most 

appropriate one. As our data set does not contain cross-sectional (spatial) data, issues 

of heteroscedasticity are not discussed in this appendix. Section 2 of this Appendix 

presents the framework in which these tests are conducted. Section 3 presents the 

diagnostic test for functional form misspecification. Issues of multicollinearity are 

discussed in Section 4. Section 5 deals with sources and consequences of 

autocorrelation and tests to detect it. In this thesis, we use Breusch-Godfrey (LM 

test) to diagnose autocorrelation. 

 

The Standard Multiple Regression Framework 

 

This study used regression analysis to understand how diverse independent variables 

affect productivity growth, export intensity and import penetration. Yet, the influence 

of these independent variables on the dependent variable will be diverse. Some 

independent variables may be of least significance. In certain situations, it is 

beneficial to concentrate on the significant variables rather than analysing all 

variables. 
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Multiple Regression techniques116 are used to develop a mathematical model to 

predict futures that would establish the impact of appropriate independent variables 

on the dependent variable. 

 

Through correlation, attempts are made to estimate the degree of strength of the 

relationship between the dependent variable and an independent variable. Correlation 

indicates whether two variables are significantly related and the strength of this 

relationship (Simon et al., 2005).117 Yet, indication of a significant relationship alone 

is not necessarily sufficient in making inferences. 

 

The relationship between variables and significance is assessed by means of 

covariance, coefficient of correlation and coefficient of determination. Correlations 

will be estimated using Pearson correlation for normal distribution of data, or 

Spearman or Kendal correlation for data that are not normally distributed. In normal 

regression, the dependent variable is continuous and is an amount or a score. In 

logistical regression, the dependent variable is an event occurrence. In real 

correlation research, alternative causal explanations are often not considered. 

 

If the relationship is not linear, a number of nonlinear regression techniques118 may 

be used to obtain more accuracy. If nonlinear relationships exist, conventional 

regression analysis will underestimate the relationship between the variables. R-

squared119 will underestimate the variance and the betas120 will underestimate the 

importance of the variables involved in the non-linear relationship. 

                                                 

116 Multiple Regression takes the form Y = 	∑ b+x+ + c, where b and c are constants and i varies from 1 
to n. 
117 If r = -1 correlation is perfect and positive, if r = +1 it is perfect but negative. If │r│>0.8 the 
correlation is strong, if between 0.4 – 0.8 it is moderate and if <0.4 it is weak. 
118 Nonlinear regression in statistics is the problem of fitting a model <	 = 	�(�, �) 	+ 	Є to 
multidimensional x, y data, where f is a nonlinear function of x with parameters θ. It is often 
erroneously thought that the use of least squares to estimate the parameters a, b, c in the model 

<� = ���S + ��� + � + ������  is an instance of nonlinear regression. In fact, it is a case of linear 

regression. 
119 R squared, a significance test is the relative predictive power of a model. R squared is a descriptive 
measure between 0 and 1. The closer it is to one, the better the model is. By ‘better’ is meant a greater 
ability to predict. A value of R squared equal to one (which only occurs in textbook exercises), would 
imply that the quadratic regression provides perfect predictions. 
120 The standardized versions of the b coefficients are called beta weights, and the ratio of the beta 
coefficients is the ratio of the relative predictive power of the independent variables. Beta is the 
average amount the dependent variable increases when the independent variable increases one 
standard deviation and other independent variables are held constant. If an independent variable has a 



 

167 

 

 

If the non-linearity is substantial, regression results may become unusable. The 

assumption of linearity121 is tested (Garson, n.d.)). In general, nonlinearity is not 

problematic when the standard deviation of the dependent is more than the standard 

deviation of the residuals. All regression techniques can ascertain relationships, but 

do not assure an underlying causal mechanism. As the sample tested in this study 

will be small, the sample mean of the study may lack robustness, and the variance 

can become high.122 

 

The diagnostic tests are presented within the framework of the following standard 

multiple regression: 

 

Y
 = βW +�β+X+
 + U
+��
�  

 

where the number of independent variables i = 1,2, ... ,k and time t = 1,2, ..T. 

 

The dependent variable, Y
 is a linear function of a specific set of independent 

variables X+
 and an error term U
. There are all together k dependent variables and T 

time series observations. The explanatory variables and the error term are presumed 

to satisfy the following assumptions:  

 

(a) The regression coefficients, β+ are constants. 

(b) The violation of this assumption leads to specification errors and may be 

caused by the inclusion of incorrect regressors, non-linearity and changing 

parameters. Some of the diagnostic tests discussed here are for testing 

                                                                                                                                          

beta weight of 0.5, this means that when other independent variables are held constant, the dependent 
variable will increase by half a standard deviation. 
121 Testing for nonlinearity is necessary because correlation, regression, and other members of the 
general linear hypothesis model (GLHM) assume linearity. Simple inspection of scatter plots is a 
common if non-statistical method of determining if nonlinearity exists in a relationship. A plot of 
standardized residuals against standardized estimates (fitted values) of the dependent variable should 
show a random pattern when nonlinearity is absent. In regression, as a rule of thumb, an indicator of 
possible nonlinearity is when the standard deviation of the residuals exceeds the standard deviation of 
the dependent. 
122 The variance can be infinite if the underlying distribution takes Cauchy or Pareto forms with a 
large-scale parameter. 
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specification errors resulting from the omission of relevant independent 

variables or the inclusion of variables that are not relevant. 

(c) The error term U
 is a random variable with zero mean; i.e., E(U
) = 0 for 

each t, 

(d) Var	(U
) = σS for each t, 

(e) Cov	(U
, U�) = 0, t ≠ s, 

(f) Cov	(U
, X
) = 0, 

(g) No perfect multicollinearity 

 

The failure of (d) serial correlation or auto correlation is not considered since the 

violation of this assumption does not pose a serious problem in cross-sectional study. 

 

The tests designed to detect the violation of (b) biased intercept; (c) 

heteroscedasticity and (f) multicollinearity are discussed below: 

 

Violations of the assumptions are often referred to as (a) misspecification error, (b) 

endogenity, (c) heteroscedasticity, (d) autocorrelation and (e) multicollinearity.  

 

Functional Form Misspecification 

 

When formulating models economic theory provides guidance in the choice of 

variables and postulation of the direction of causation between the variables in an 

economic relationship. However, it has only a limited ability for describing the 

appropriateness of a model and the variables that need to be included in the model. 

Besides, it is restricted in explaining the functional form of the model. 

 

The misspecification of a functional form of an econometric model may generate 

inconsistent parametric estimates. As a result, the model needs testing to ensure that 

it is an adequate description of the economic phenomenon and that the adopted 

functional form of the model reflects the economic nature of the relationship; Tests 

for model misspecification are performed for this purpose. 

 

The tests to determine functional form misspecification are classified into two 

groups: (a) tests of misspecification, and (b) non-nested tests. The first group of tests 
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is applied for examining whether or not the designed model is an accurate description 

of the economic phenomenon being studied. Some of the tests included in this group 

are the Regression Specification Error Term (RESET) test of Ramsey (1969), 

White’s (1980) functional form test, the differencing test of specification proposed 

by Plosser et al. (1982) and Utt’s (1982) rainbow test. 

 

Ramsey’s RESET test is the most widely used in the group of tests. It is performed y 

augmenting the original regressors with the powers of predicted values of the 

original regression and testing the asymptotic significance of these additional 

variables. 

 

The original regression equation is as follows: 

 

Y
 = βW +�β+X+
 + U
+��
�  

 

The augmented regression equation for RESET test takes the following form: 

 

Y
 = βW +�β+X+
 +�γf
�

+��
)Ŷ
0ff�S

					� + U
 

 

The RESET test is performed by regressing Yt on Xit and then building (Ŷt)
j
, where 

(Ŷt)
j
 are the predicted values of dependent variable Yt , raised to the power j. If j=2, 

for example, Yt is regressed on Xit and Ŷt
2 and the augmented regression equation 

becomes: 

 

Y
 = βW +�β+X+

�

+��
+ γS)Ŷ
0S + U
 

 

The null hypothesis that the coefficient of Ŷ
S is zero (i.e., γ=0) is tested using an F 

test. This means that if the calculated F value is greater than critical F value, then the 

model is misspecified. Otherwise, it is a good approximate representation of the 
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economic relationship. This test was used for checking the functional 

misspecification in the models employed in the study. 

 

Non-nested tests are applied to examine the specification of one model against an 

alternative model or models. Two models are said to be non-nested if one model 

cannot be obtained from another by imposing parametric constraints. The most 

commonly applied non-nested tests are the J-test and F-test (called encompassing 

test). 

 

Cox (1962) was the originator of the J-test. Davidson and Mackinnon (1981) 

developed and introduced this test to regression analysis. Model say M1 is tested 

against an alternative model say M2 by including predictions of M2 as an additional 

explanatory variable in model M1. If MI is the correct model, the coefficient of 

additional explanatory variable is asymptotically zero. The t-statistic can be used to 

test the statistical significance of this coefficient. We use the J-test to verify the 

correct specification of the model. 

 

McAleer and Deistler (1986) and Kennedy (1985) explained that encompassing test 

or F-test involves the testing the null hypothesis γ+ = 0 in the augmented regression. 

 

Y
 = βW +�β+X+

�

+��
+�γ+(Ż+
)

�

+��
+ U
 

 

where Ż is Z with variables common to X and Z are removed. To avoid perfect 

collinearlity this is necessary. 

 

Both J-test and encompassing test can be used to examine the performance of models 

when variables are added and deleted and to test the linear form of a model against 

the log-linear form. A disadvantage of these non-nested tests is that sometimes they 

might not provide conclusive ranking of preference for the models being considered. 

These tests are used with the implicit assumption that alternative model is correctly 

specified. These tests should be used for model identification with caution (Hall, 

2008; Antras, 2004; Judge et al., 1985). 
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Non-nested tests are also used to assess the performance of models when variables 

are added or deleted and to check the correct functional from. One of the most 

commonly used tests for checking the functional form is the PE-test of Mackinnon et 

al. (1983). If two models under considerations are: 

 

Y
 = βW + ∑ β+X+
�+�� + U
	      M1 

 

Log	Y
 = γW + ∑ γ+ log X+
�+�� + U
	      M2 

 

The linear model M1 is tested against the log linear model M2 using the null 

hypothesis of δ = 0 in the augmented regression. 

 

Y
 = βW +�β+X+

�

+��
+ δ2log)Ŷ
0 − log(Ỹ
)3 + U
 

 

Where log Ŷ; is logarithm of the predictions of the model M1 and logỸ; is the 

predictions of the model M2. Similarly, the model M2 can be tested against the 

model M1 by using the null hypothesis of δ = 0 in the augmented regression. 

 

LogY
 = γW +�γ+logX+

�

+��
+ δ Q)Ŷ
0 − exp�log(Ỹ
)�R + U
 

 

Where Ŷ; are predictions of the model M1 and exp(logỸ
) is the exponential of the 

predictions of the model M2. 

 

The t-test is used for testing these hypotheses. 

 

Multicollinearity 

 

Classical regression model assumes that there are no exact linear relationships 

between the independent variables. However, in practice this condition is often 

violated. Furthermore, the term multicollinearity is practically used to represent high 
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but less than perfect collinearity. In the presence of collinearity, the standard errors 

of the OLS estimates obtained tend to be large. If such perfect collinearity exists, 

then OLS estimates cannot be obtained. 

 

Regression results will be efficient if independent variables are not highly correlated 

among themselves. High correlation among explanatory variables can make 

regression coefficients insignificant and/or reverse their signs. Such a situation does 

not allow isolation of the effects of independent variable. Furthermore, in the 

presence of multicollinearity standard errors tend to be large. 

 

There is no formal test to detect collinearity. However, two informal methods can be 

used to test it. One informal method is to examine the correlation coefficient matrix 

to see if any pairs of independent variables are highly correlated. If so, the practice is 

to delete the variable with a low t value (Ramanathan, 1992; Gujarati, 1994). 

However, this procedure sometimes may fail to detect multicollinerity as it ignores 

correlations between three or more independent variables. 

 

The second informal method is to apply the test developed by Farrar and Glauber 

(1972) to detect multicollinearity. Following the test procedure, each independent 

variable is regressed on all other independent variables. The R2 thus obtained is 

compared with the R2 of the overall model. If the former R2 is greater than the latter, 

then multicollinearity exits. 

 

Autocorrelation 

 

Autocorrelation (or autocorrelated errors or disturbances) is defined as correlation 

between elements of series of data values as in a time series or spatial data values as 

in cross-sectional data. 

 

Classical regression model assumes the independence of the disturbances from 

observation to observation, i.e., �)B�Bd0 = 0 for i ≠ j 

 

When this assumption is violated, the errors in one period are correlated with their 

own error values in other periods. 
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Sources of Autocorrelation: 

 

Each of the following types of misspecification can result in autocorrelated 

disturbances: 

 

• Omitted (autocorrelated) explanatory variables 

• Incorrect functional form 

• Inappropriate time periods 

• Incorrect dynamic structure 

• Inappropriately ‘filtered’ data (e.g. seasonal adjustment) 

 

Time series variables such as those used in our models can exhibit autocorrelation. 

This is because data values in a given period can depend on data values of the same 

series in previous periods. The problem of autocorrelation concerns with such 

dependence in the disturbances. 

 

Considering the case where the errors or disturbances in one period are related to 

those in the previous period by a simple first-order autoregressive process: 

 

u
 = ρu
�� + ε
 																									− 1 < ρ < −1 

 

If ρ > 0 we have positive autocorrelation with each error arising as a proportion of 

last period's error plus a random shock (or innovation). 
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If ρ < 0 we have negative autocorrelation. 

 

If we assume that any autocorrelation in the errors follows a first order process, then 

u is AR(1). However, the errors can follow an AR(p) process where p > 1, i.e.: 

 

u
 = ρ�u
�� + ρSu
�S +⋯+ ρ�u
�� + ε
 
 

Consequences of Autocorrelation 

 

If no other classical assumptions are simultaneously violated, the OLS estimators are 

still unbiased. Still, variances of the parameter estimates will be affected and 

therefore, standard errors and t-values will be affected. 

 

If there is positive autocorrelation, standard errors will be underestimated and the t-

values will be biased upwards. Variance of the error term will also be underestimated 

under positive autocorrelation so that R squared will be exaggerated. The F-test 

formulae will also be incorrect. 

 

Forecasts based on the OLS regression model will be inefficient, as they will have 

larger variances than those obtained from other statistical tests. 

 

Tests for Detection 

 

Autocorrelation can be detected by using graphical methods or test statistics: 

 

1. Graphical methods 

• time series plot of residuals 

• plot of residuals against lagged residuals 

• the residual correlogram 

 

2. Statistical tests 

• The Durbin-Watson test 
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This test is only appropriate against AR(1) errors. It will test the hypothesis of r = 0, 

in u
 = ρu
�� + ϵ
 

 

H0: ρ = 0 

H1 : ρ > 0 for positive correlation 

H1 : ρ < 0 for negative correlation 

 

The test is not considered appropriate for models with higher order error 

autocorrelation. Testing for higher order error autocorrelation is performed by means 

of the Breusch-Godfrey (LM test) also known as the B_G Test 

 

• The Breusch-Godfrey (LM test) 

 

The B_G test is based on an auxiliary regression involving the residuals from the 

original regression, regressed on a set of lagged residuals (up to order p) and all the 

variables that were used in the original regression. The test verifies that the 

coefficients of the lagged residuals in the auxiliary regression are all zero. 

 

Two forms of the test are reported: 

 

(1) Chi-squared (χ2) 

 

In the Chi-squared test, the test statistic is calculated as TRS, where T is the number 

of observations in the original regression and RS is the R-squared in the auxiliary 

regression. This has a χS(p) distribution for p restrictions (the number of lags). 

 

If  TRS < χS(p)W.Wa then we can accept the null of no autocorrelation (at the 5% 

significance level). 

 

If  TRS > χS(p)W.Wa then we must reject the null of no autocorrelation (at the 5% 

significance level). 
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(2) F test 

 

F is calculated as F¢q� = (T − k − 1 − p) ¤¥
�(��¤¥), where k is the number of 

regressors in the original equation. This has an F(p,T-k-1-p) distribution. 

 

If F¢q� < F
q¦�§�,W.Wa then the null of no autocorrelation is accepted at the 5% 

significance level. 

 

If Ë ©L > E;©ªL«¬,W.Wa	then the null of no autocorrelation is rejected at the 5% 

significance level. 

 

In our study, we use Chi-squared (χ2) form of the Breusch-Godfrey (LM) to test 

autocorrelation of the models used. 

 

Heteroscedasticity 

 

In using Ordinary Least Squares (OLS) method, it is assumed that residuals Ut are 

homoscedastic, i.e., the residuals are identically distributed with mean zero and a 

constant (equal) variance, σ2
u. However, this assumption is frequently violated in 

the analysis of cross sectional data (Leamer 1984), where firms of different size and 

nature are lumped together in a group. However, error terms associated with very 

large firms may have greater variance that those errors associated with smaller firms. 

If the variance is not constant across observations, the error term is said to be 

heteroscedastic. 

 

When heteroscedasticity is present, the use of OLS regression estimates are 

inefficient and the variances and covariances of regression coefficients would be 

biased which invalidates tests of hypotheses. This is because the OLS method places 

more weight on the observations with large variance than those with small variance. 

The parameter estimates thus obtained are consistent but the variances of estimates 

do not reflect the minimum variance. 

 

To avoid making faulty inferences, researchers use certain statistical procedures to 
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identify heteroscedasticity. 

 

Such statistical procedures to detect heteroscedasticity include Goldfeld and Quandt 

test (1965), Park (1966), Rutemiller and Bowrs (1968), Breusch-Pagan test (1979); 

Godfrey test (1978); White test (1980); ARCH test due to Engle (1982), Harvey test 

(1976) and Glejser test (1969). Yet, most of these tests have a common limitation of 

imposing some formal structure on the form of heteroscedasticity and then apply 

tests to determine if this structure is found. White (1980a) suggested a test that does 

not suffer from this limitation. 

 

Applying the White’s test, heteroscedastic consistent t statistics of regression 

coefficients are calculated. Next, these t statistics are compared with the t statistics 

of OLS estimates. If heteroscedasticity is present there could be a statistically 

significant difference between OLS and White t statistics. The White’s procedure 

allows conducting tests on individual coefficients while the form of 

heteroscedasticity is not known. However, to determine efficient coefficient 

estimates, the parametric form of the heteroscedasticity needs to be identified. 

 

A more formal test based on White (1980a) calculates Lagrange multiplier statistic 

by regressing squared OLS residuals on a constant and a vector of variables. The 

Lagrange multiplier statistic and/or F statistic is determined as TR2 where T is the 

total number of observations and R2 is the coefficient of multiple determination from 

the following auxiliary regression: 

 

e
S = βW + β�Ŷ
S 

 

Here the null hypothesis of β1 = 0 (homoscedasticity of residuals) is tested against β 

≠ 0. This test is used for checking the presence of heteroscedasticity. 
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The presence of heteroscedasticity needs to be corrected before estimating the model. 

The following techniques are widely suggested in the literature for handling 

heteroscedasticity: (a) use of weighted least squares, (b) transforming data to the log 

form, (c) deflating the data by some measure of size, and (d) use of 

Heteroscedasticity Consistent Covariance Matrix (HCCM) estimation due to White 

(1980). 

 

However, the first three techniques should only be used if there are strong theoretical 

grounds or diagnostic tests to indicate so. Thus, the most commonly used technique 

is the HCCM method which allows obtaining consistent estimates of the variances 

and covariances of the OLS estimates assuming a general unknown form of 

heteroscedasticity. We correct heteroscedasticity using the HCCM technique. As the 

test procedure for heteroscedasticity is not discussed here because most econometric 

text books discuss this procedure. Most statistical software packages have built in 

commands for conducting these tests. 
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Appendix 11: Price Deflators: Exports, Imports and Goods 

RBA Price Indices adjusted on a base of 2007/08=100 

Year 
Price deflators Price deflators Price deflators(Adjusted) 

Exports Imports Goods Exports Imports Goods Exports Imports Goods 

 (a) (a) (b)       
1962 18.16 16.72 113.17    11.18 13.66 68.67 

1963 19.80 16.53 126.63    12.19 13.51 76.84 

1964 19.15 16.78 119.74    11.78 13.70 72.66 

1965 19.41 17.04 119.68    11.95 13.92 72.62 

1966 19.41 17.20 118.10    11.95 14.05 71.67 

1967 18.96 17.52 113.45    11.67 14.31 68.84 

1968 19.45 17.49 116.42    11.97 14.29 70.65 

1969 20.43 18.04 119.12    12.57 14.73 72.29 

1970 19.89 19.56 104.12    12.24 15.98 63.18 

1971 20.72 20.79 101.35    12.75 16.98 61.50 

1972 25.06 21.14 125.67    15.42 17.27 76.26 

1973 29.99 23.56 133.52    18.45 19.25 81.02 

1974 35.01 30.29 119.52    21.54 24.74 72.53 

1975 37.36 33.81 112.84    22.99 27.62 68.48 

1976 41.78 39.04 108.62    25.71 31.88 65.92 

1977 43.34 44.54 97.86    26.67 36.38 59.39 

1978 47.96 49.02 98.79    29.52 40.04 59.95 

1979 58.35 57.53 103.69    35.91 46.99 62.92 

1980 62.96 62.59 102.08    38.74 51.13 61.95 

1981 64.45 65.11 99.07    39.66 53.19 60.12 

1982 69.37 71.09 97.37    42.69 58.07 59.09 

1983 72.60 72.67 99.69    44.68 59.36 60.49 

1984 77.78 79.63 97.73    47.86 65.04 59.30 

1985 81.67 92.04 88.29    50.26 75.18 53.58 

1986 84.01 102.47 80.09 51.70 83.70 48.60 51.70 83.70 48.60 

1987 90.67 102.24 87.35 54.60 91.50 52.20 54.60 91.50 52.20 

1988 95.91 95.38 100.16 62.60 91.20 56.70 62.60 91.20 56.70 

1989 100.00 100.00 100.00 66.40 88.80 61.00 66.40 88.80 61.00 

1990 97.70 102.90 94.23 66.60 91.10 64.30 66.60 91.10 64.30 

1991 94.60 102.47 91.13 63.10 93.50 65.30 63.10 93.50 65.30 

1992 97.70 109.35 88.56 63.20 95.40 66.10 63.20 95.40 66.10 

1993 95.90 109.33 86.49 64.10 103.10 66.90 64.10 103.10 66.90 

1994 97.40 106.36 91.18 62.30 100.60 67.40 62.30 100.60 67.40 

1995 99.80 104.50 96.01 67.90 106.00 69.30 67.90 106.00 69.30 

1996    65.00 97.70 70.90 65.00 97.70 70.90 

1997    64.40 95.00 71.40 64.40 95.00 71.40 

1998    67.70 103.00 72.20 67.70 103.00 72.20 

1999    62.20 99.40 72.30 62.20 99.40 72.30 

2000    70.10 108.00 74.40 70.10 108.00 74.40 

2001    77.30 117.30 78.20 77.30 117.30 78.20 

2002    73.80 110.60 80.10 73.80 110.60 80.10 

2003    71.00 103.90 81.90 71.00 103.90 81.90 

2004    74.70 97.80 85.30 74.70 97.80 85.30 

2005    83.20 97.60 89.40 83.20 97.60 89.40 

2006    95.20 104.10 93.60 95.20 104.10 93.60 

2007 100.00 100.00 100.00 95.80 99.40 97.30 95.80 99.40 97.30 

2008    110.90 101.70 103.50 110.90 101.70 103.50 

2009    104.90 105.90 102.90 104.90 105.90 102.90 

Notes:          

(a) Implicit price deflators (obtained by dividing current price estimates by constant price estimates) 

 for exports and imports of goods and services on a base of 1989/90=100. 

(b) Defined as the ratio of export prices to import prices; in this case obtained by dividing the implicit 

 price deflator for exports (of goods and services) by the implicit price deflator for imports. Implicit 

 deflators for separate goods components are shown in Table 1.11. 
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