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ABSTRACT

In view of the widely-recognised importance of infrastructure in promoting socio-economic
prosperity, and prompted by the shallowness of our current understanding of the inter-
infrastructure, and infrastructure-economy, linkages and (hence) their policy-usefulness - this
research develops a comprehensive analyses of such linkages in the Australian context. For this
purpose, this research has developed an integrated framework comprising two complementary
models, namely, an empiric-analytic model and an Infrastructure-embedded Input-Output Model
(IeIOM). Further, this research has analysed linkages, over the period 1975-2015, for 39 major
sectors of the Australian economy, including 19 infrastructure sectors. The consequences of
National Energy Guarantee Scheme (a major initiative of the Australian government) on the
evolution of linkages, to the year 2050, are also analysed. The analyses suggest that the
evolutionary trajectory of infrastructure-economy linkages has indeed been shaped by a complex
web of interlocked influences whose internal and external logic resides in the economic, socio-
cultural and political domains of the nation. The IelOM has provided quantitative substantiation
for these findings, and has established their policy connects. Some of the key findings of this
research are that: 1) key sectors of the economy, i.e., sectors with most extended forward and
backward linkages are electricity generation, transmission and distribution; gas supply; iron and
steel; non-metallic and mineral products; wood products; and agriculture; 2) major sectors in
terms of significant forward linkages include a combination of economic (mineral mining, coal,
basic-non-ferrous metals, machinery, transport, and construction) and social (households,
education, health, etc.) infrastructure; 3) 22 sectors (most notably, gas supply, electricity
generation from natural gas, petroleum products, paper manufacturing, food, electricity
transmission and distribution, and coal) exhibit highly inelastic sectoral supply and value added
responses, thus presenting high risks for downstream production sectors; 4) highly profitable
petroleum producing sector does not significantly contribute to value-added, because of its heavy
reliance on imported inputs; 5) trends towards increased exports of natural gas, as compared with
its use for domestic purposes, is likely to be detrimental to the economic well-being of the nation;
and 6) National Energy Guarantee Scheme is unlikely to extend the reach of linkages, thus
limiting its usefulness in the broader economic context. These (and other) insights of this research,
through their elucidation of key policy-tradeoffs, and — more importantly — through their
questioning of preconceived notions about infrastructure-economy linkages, should constitute
useful bases for infrastructure policy development — an issue of utmost contemporary significance
— as nations around the world endeavour to devise policies for provisioning infrastructure of the
future, in the backdrop of rapidly transforming global technological, economic and social

landscapes.
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1 INTRODUCTION

1.1 Background

Since the pioneering work of Aschauer (1989a) several studies have been carried out which have
firmly established the importance of infrastructure for promoting economic growth and social

uplift.

Infrastructure is a crucial driver of the economy; it provides nations’ essential services like water,
energy and transportation. The transport and communication infrastructure connects people and
businesses within and beyond the national boundaries and markets for economic trade. Also,
infrastructure generates employment and income locally as well as attracts labour and capital from

surplus regions.

As such, the importance of infrastructure is globally recognised. For example, according to PC
(2014) and OECD (2011), infrastructure leads to stronger market integration and competition,
improved trade, dissemination of ideas and innovations, and access to resources and government
services. According to OECD (2015) and Oxford Economics (2017), infrastructure contributes to
a nation’s prosperity because it is central to economic development and quality of life in

developing, developed and transition economies.

According to Serven (2010), Estache & Garsous (2012), World Bank (2008a, 2008b, 2015),
infrastructure is critical for transforming the lives of the citizens and improving prospects of the
businesses in developing countries as roads and other forms of transport are developed and
reliable electricity and water is supplied. Likewise, in developed countries, building new and
renewed infrastructure would effectively lead to satisfying increased demand for infrastructure

services, and to sustaining rapid economic growth (Oxford Economics 2017).

Also, infrastructure leads to long-term economic benefits, productivity improvements, increases
in people’s incomes and economic value added (Tarin 2007), while providing significant
exogenous benefits too. For example, according to PwC & Oxford Economics (2016), improving
transport infrastructure makes workers more mobile contributing to more efficient and productive

labour markets.

1.2 Infrastructure: A National Priority
Because of the importance of infrastructure (as discussed above), countries around the globe have

placed a high priority on its development. Significant investments have been made and elaborate



institutional arrangements have been developed, to provision infrastructure, both in developing
and developed countries. For example, according to the World Economic Forum (2013) and
Manyika et al. (2016), it is estimated that the world invests each year between 3 to US$3.3 trillion
in infrastructure. The United States, for example, allocated US$6.1 billion for infrastructure in
2015 for the next five years (Arcadis 2016); Canada allocated about US$1.4 billion in 2017 for
the next 10 years (Reuters, 2017a). Further, according to Statista (2017a, 2017b), South East Asia

invested around US$25 billion in infrastructure in 2016.

Also, with respect to developing countries, of the estimated yearly investments in the region, of
US§790 billion to around USS$1 trillion, majority was spent on energy, water and transport
infrastructure (OECD 2015; World Bank 2014). Based on World Bank (2017a, 2017b, 2017c),
the highest investment in 2016 were in energy by all IDA and IBRD countries, totalling US$46
billion (energy); water, in East Asia and Pacific countries (US$1.51 billion); and in transport
infrastructure in Latin America and Caribbean (about US$11 billion). Table 1.1 shows global
investments in infrastructure in the year 2016 (InfraDeals 2016, 2017; PwC & GIIA 2017).

Table 1.1 Global Investments in Infrastructure (2016)

Renewable .. . Environ- Total

- Electricity | Transport | Social | Telecoms mental $b (%)

North 32.65 17.58 13.39 10.05 7.53 2.51 83.71
America (39) (21) (16) (12) (9) (3) (21)
Australasia 5.59 10.17 21.35 9.66 0.51 3.56 50.83
(11) (20) (42) (19) (1) (7 (13)

Asia 12.26 8.92 12.26 0.74 0.74 2.23 37.15
(33) (24) (33) (2) (2) (6) (9)

Latin 11.61 3.87 25.15 2.9 0.48 4.35 48.36
America (24) (8) (52) (6) (1) (9) (12)

Europe 16.93 498 28.4 0.98 0.1 0.84 52.23
(28) (6) (25) (35) (1) (5) (13)

. 7.86 32.39 14.77 0.14 0.72 3.86 59.73
Middle East (13) (39) 13) | 5 ) (23) | (15)
Africa 26.6 10.8 26.13 0.28 0.41 1.01 65.23

(44) (13) (23) (10) (4) (6) (16)
World 113.5 88.7 141.44 24.75 10.51 18.35 397.25
(29) (22) (36) (6) (3) (5) (100)

Note: Numbers in brackets represent percent-share.
Source: This author’s analysis based on InfraDeals (2016, 2017) and PwC & GIIA (2017) data.

Australia - the country of focus of this research - has traditionally placed a high priority on
provisioning infrastructure. For example, the Australian Government, in 2012, spent about AU$3
billion on water services (Sewerage and Drainage) and about AU$4.8 billion on water supply
infrastructure (BITRE 2013). In 2016, it spent AU$5.7 billion on industry specific infrastructure,
and AUS$5.8 on transport and communication infrastructure (The Conversation 2017). Further, it

has allocated AU$7.9 billion to infrastructure for the next 10 years.

Overall, the Australian governments invested between 7 to 9% of GDP in infrastructure over the

period 1960 to 1978 (see Chapter 2, for further details). The contribution however reduced to



about 4% in 2006-07, demonstrating the maturity of the country’s infrastructure in comparison to
the earlier periods. Also, according to Manyika et al. (2016), the Australian governments spent
4.7% of GDP on infrastructure over the period 2008-13 to sustain economic growth. Further,

according to BITRE (2014, 2016), infrastructure contributed nearly 10% to the GDP in 2016.

In addition to the Commonwealth infrastructure investments, the State governments also invest
significantly in infrastructure development (see Table 1.2). For example, in 2017-18, the states
committed about AU $38 billion for infrastructure. Overall, Australian governments investments

stand at about AU$46 billion in 2017-18 (IPA 2017).

Table 1.2: Infrastructure investments by Australian Jurisdiction, 2011-2018 (AUS$b)

Jurisdictio ($b) 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18
Commonwealth 8.48 3.92 7.23 5.05 7.13 7.56 7.96
QLD 9.10 7.73 6.82 5.56 4.65 5.13 5.74
WA 3.72 3.55 3.55 2.83 2.52 2.69 3.33
NSW 6.48 8.40 9.03 9.75 9.53 10.94 14.52
ACT 0.81 0.83 0.69 0.84 0.81 0.85 0.90
NT 1.04 0.72 0.60 1.03 0.76 0.87 1.13
VIC 4.68 5.49 4.29 4.67 5.54 7.96 9.43
SA 1.92 2.12 1.61 0.94 1.14 4.45 2.19
TAS 0.54 0.47 0.37 0.40 0.42 0.53 0.66
Australia 36.78 33.24 34.18 31.06 32.49 40.99 45.86

Source: Compiled by this author from IPA (2017) on 10 January 2018.
Note: IPA details are based on the total level of general government sector funding on Infrastructure.

Australia has also invested significantly in infrastructure during the crisis. For example, according
to Kenway (2013), AUS$2.5b of investments were made in urban water and wastewater
infrastructure, in response to the “Millennium” drought in 2005. Or, according to OECD (2009g),
the Australian Government invested an overall 0.82% of its GDP (AU$9.7b) - part of the stimulus
packages of the late-2008, the post GFC period - funding road, rail, and housing to strengthen
infrastructure and economic growth.

Further, over the years, Australia has made significant efforts to establish elaborate institutional
and regulatory arrangements for provisioning infrastructure and to ensure its proper governance.
In 2008, the Australian Government specifically established Infrastructure Australia and, under
Infrastructure Australia Act 2008, defined its role as an independent statutory body responsible

for prioritising and progressing nationally significant infrastructure.

1.3 Future Infrastructure Challenges

The importance of infrastructure is likely to increase in years to come, to support growing
population, demand for improved living standards, rapid economic growth, industrialisation and
urbanisation, emerging production technologies, and providing citizens improved services and

modern resources.



According to OECD (2015), the total global infrastructure investment requirements by 2030 for
transport, electricity generation, transmission and distribution, water and telecommunications will
be US$71 trillion (about US$4.8 trillion per year), representing nearly 3.5% of the World GDP.
According to Oxford Economics (2017), infrastructure needs by 2040 are estimated to be around
USS$94 trillion (UD$3.7 trillion a year), with Asia accounting for around 54%, followed by US
(22%). At the country level, China, USA, India and Japan will account for over 50% of future

global infrastructure investment needs by 2040.

In the case of developing countries, the future infrastructure investment needs are estimated to be
over US§$700 billion a year in the coming decade (increasing to US$1 trillion a year by 2030), in
order to sustain rapid growth rates (World Bank 2015).

It is widely recognised that Australia will need to invest more in its future infrastructure, mostly
in transport, electricity, water, and communications - due to growing population, from the current
24 million to an estimated 30 million by 2030, or to nearly 40 million by 2055, an increase of
65% (DIRD 2014). According to BITRE (2016), at least AU$37b will be needed by 2030 to
develop roads particularly in congested cities. Also, the Australian Trade and Investment
Commission (2016) has estimated that rail freight transport will increase by 65% by 2030 because
Australia is a major exporter of bulk commodities and other merchandise requiring rail freight

transportation.

Provisioning of future infrastructure is going to be a challenging task, because it will require a
very significant amount of funds, much beyond the capacity of developing countries, and may
stretch the exchequers of developed countries very significantly. It will also require elaborate
institutional arrangements to accommodate the needs arising from new types of technologies, new
patterns of urban growth and different demand expectation. Further, effective policies will be
needed to provision future infrastructure. Figures 1.1 and 1.2 shows total future global
infrastructure investments needs and anticipated shortfalls. The infrastructure needs by country

over the period 2016 to 2040 and their spending gaps are presented in Appendix 1.

Figure 1.1: Infrastructure investment needs by  Figure 1.2: Total infrastructure investment

world region, 2016-2040 (US$m) needs and gap by world region, 2016-2040 (US$t)
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1.4 Infrastructure Linkages and Multipliers

Estimation of the adequacy of future infrastructure needs can be made by analysis of infrastructure
linkages and multipliers. This viewpoint is based on the reasoning that the relationship between
infrastructure and economic growth is not direct. The overall impact of infrastructure on economic
growth represents a combined effect, extending much beyond the immediate (or direct impacts of
infrastructure) - both on the input and output sides. The establishment of infrastructure sets into
motion a chain of economic activities on the upstream (input) and downstream (output) sides,
which collectively determine the impact on economic growth. These effects can be captured

through backward and forward sectoral linkages in the economy.

Much of the existing emphasis of analysing infrastructure-economy linkages has been at the
macro level. The traditional macro level policy discourses typically evaluate infrastructure
investment returns, and justify this approach through traditional cost-benefit analysis of
infrastructure projects. These approaches are however useful to a limited extent. Because, it is
important to underrated the dynamics of economic growth at micro-level in order to clearly
determine where the linkages effects are created so that proper policy and investment decisions

can be made in areas with maximum linkage and multiplier intensity.

Moreover, current review of literature shows that multipliers are analysed at limited level. For
example, outputs or value added multipliers are mostly considered while less attention has been
placed to employment or income multipliers. Also, the direct, indirect and induced effects of the
multipliers are not well understood. Additionally, these analysis predominantly concentrate on
the rates of return on capital, which is the domain in which current infrastructure decisions are
made. But what is needed is more detailed knowledge of infrastructure linkages and multipliers

at the macro and micro levels.

The literature shows recognition for importance of micro-level analysis, however not much work

is carried out. The section below discusses examples of such studies and their shortcomings.

1.5 Summary of the Existing Studies

Although there is a recognition that micro-level analysis of linkages is needed but not much
analysis at adequate levels of depth and breadth has actually been carried out. A review of
literature on the topic shows a fragmented approach to the study of linkages, where inter-sectoral
linkages are rarely understood in the system of sectors in the economy. The analysis of linkages
were either specifically targeted, in isolation from other sectors of economy, or focused on
narrowly defined objectives of the industry or government, or confined to specific infrastructure
sector, or to its selected elements and dimensions. For example, majority of the studies have
focused exclusively on water or electricity or roads infrastructures, but have largely ignored the

cross-sectoral linkages that exist with other sectors of the economy. Also, the influence of social,



cultural, technological, political, geopolitical, and legal factors have rarely been considered.
Moreover, majority of studies do not extend their analysis beyond the first quadrant of the
standard input-output tables, and generally do not complement linkage-analysis with application

of major linkages descriptors.

Below are examples of such studies that have analysed infrastructure linkages employing a variety
of methodologies, e.g., input-output analysis, Life Cycle Assessment (LCA) methods, linear

programming, surveys, or spreadsheet analysis.

Global Studies - Studies by Siddiqi & Anadon (2011), Kahrl & Roland-Holst (2008), Bekhet &
Abdullah (2010) are focused on analysis of linkages between electricity and water, or energy and
agriculture. Sovacool (2009), Dennen et al. (2007), Gray & McKean (1976), Yang et al. (2007),
or Guan & Hunacek (2008) have analysed the water needs of electric utilities and the
environmental risks at macro levels. Hu (2004), and Mukhopadhyay & Chakraborty (2005) focus
on linkages of reforms, regulations and technical change on energy consumption in the Chinese
and Indian economies, respectively - using input-output analysis. Linkage-analyses by Zakarias
et al. (2001), Guilhoto et al. (2006), Bocoum (2000), and Narayan & Singh (2006) focus on either
oil and gas, minerals, electricity, or other selected sectors of economy at macro level. In particular,
they investigate linkages between electricity and renewable sources. Fukuishi (2009) analyses
linkages between water and six selected sectors of the Japanese’s economy. Zhang & Song (2011)
examines water linkages of primary and secondary sectors of the Chinese economy, using input-
output analysis. Stillwell et al. (2011) study linkages of electricity and water in term of policy
implications for the American society. Some of the studies, for example, Velazquez (2006), focus
on the analysis of linkages between water and environment, using input-output analysis and in-
house developed models. Feng et al. (2011), and Wang & Wang (2009) study water sector
linkages at domestic and international levels to determine the nations’ virtual or volumetric water

footprint at macro levels.

Majority of the above noted studies did not incorporate multipliers in linkage analysis. However,
there were policy focused studies which utilised multipliers for estimating the overall change in
the economy due to a unitary change in final demand. These studies however share the same
limitations as discussed above. Some studies however analyse linkages and multipliers at detailed
levels. Additionally, some studies estimate direct, indirect and induced multiplier effects too.
Example of studies which included multipliers as part of linkage analysis are: Alauddin (1986),
Breisinger et al. (2010), Cassar (2015), Deller et al. (1993), IFC (2015), Jensen & West (2002),
Kelly et al. (2015a), Matallah (2007), Rolfe et al. (2011), and Tregenna (2008).

Australian Studies - The shortcomings (i.e., narrow focus) are equally applicable to the studies
undertaken in the Australian context. For example, Polenske & Sivitanides (1989) just focuses on

the analysis of linkages between the construction sector and other sectors; Lenzen et al. (2004)



focuses on Sydney households’ energy requirements, using input-output analysis; Marsh (2008)
and Marsh et al. (2007) focus on the linkages between water and electricity, exploring policy
implications of the linkages for the State of New South Wales. In this study both linkages and
multipliers were analysed at macro level. Amit et al. (2008), and Lenzen & Foran (2001) focus
on water and electricity linkages in the context of policy implications for societies, using input-
output analysis. Foran et al. (2004) studied linkages between eight sectors of the economy and
the environment, using input-output analysis and Triple Bottom Line (Financial, Environmental,
and Societal) approach to identify linkages. Whiteman (1999) examines electricity linkages in
Australia using the Computational General Equilibrium (CGE) model; this analysis is however
confined to just one sector and one year of data. Davidson & de Silva (2013) estimate multipliers
just for the coal infrastructure at the macro level. Valadkhani (2003) focuses on employment
multipliers, at relatively extended levels. The government departments such as Victorian
Department of Treasury & Finance (2013), and the NSW Treasury (2009) have estimated

multipliers at macro levels for economic development.

The limited focus of the above studies has understandable produced in turn limited knowledge of
infrastructure linkages and multipliers for making informed policy decisions. Also, to the best of
the knowledge of this author, no in-depth study of linkages and multipliers has been undertaken

for Australia.

In order to advance the knowledge of linkages and multipliers, a detailed analysis of infrastructure
linkages and multipliers is required to develop much deeper and broader insights into the nature

of sectoral linkages. Hence, this research.

1.6 Research Objectives

The main objective of this research is to analyse infrastructure linkages and multipliers in the
context of Australia with the view to provide insights that would contribute to the formulation of
robust infrastructure policies and decisions.
Specific objectives include:

i.  Establish the importance of infrastructure in the Australian context.

ii.  Develop a historical profile of infrastructure evolution, with the view to understand the

influence of underlying factors in this evolution.

iii.  Develop a methodological framework that will enable a comprehensive assessment to be

made of the nature of infrastructure linkages at macro and micro levels.
iv.  Estimate linkages and multipliers through the application of above noted framework.

v.  Demonstrate how such insights could contribute to the development of more robust

infrastructure policies.



1.7 Research Methodological Framework

This research is multi-disciplinary, drawing knowledge from the fields of economics,
econometrics, mathematics, statistics, analytics, engineering, policy, and social sciences. The
methodological framework employed in this research is presented by Figure 1.3. This framework
is composed of two major sub-frameworks, supported by appropriate models and analytical

modules — as discussed below.
Qualitative linkages analysis framework

The purpose of historical analysis is to identify forces that have shaped development of linkages
in the past. This analysis provides a contextual understanding of the linkages that prevail at the
present time. The development of historical profile of infrastructure in Australia will assist with
the development of historical profile of linkages. This historical analysis is carried out for the
period 1788-2017, separated into five distinctive time phases, corresponding with prominent
events in Australia (Figure 1.4 and fully discussed in Chapter 3). This historical profile provides

a backdrop for analysis of quantitative linkages (as discussed before).

Quantitative linkages analysis framework

This framework assists with micro-level analysis of linkages and multipliers. A major
components of this framework includes complex databases which provide the data intensive input
requirement of the framework including supporting proxy and reference data used by the
framework’s sectoral disaggregation module. The disaggregation module breaks down the
heavily aggregated sectors in the standard Australian input-output tables into infrastructures of
interest (described in section 1.8) so that the linkages with the rest of the sectors are measured
accurately. For example, the aggregate Electricity Supply Sector in the standard Australian input-
output tables was broken-down into electricity transmission and distribution sector, and six

generation sectors, powered by fossil and renewable sources.

This disaggregation is in recognition of their historical profile and the influence of technology,
particularly the high voltage transformers, on development of electricity transmission and
distribution sector; or, the disaggregation of the Water Supply, Sewerage and Drainage Sector
into urban water supply, rural water supply, and water services (sewerage and drainage) - in
recognition of their historical profile. That is, the rural has a focus on irrigation for agriculture
while the urbanisation influences the development of urban water supply and sewerage and

drainage services.

The disaggregation process was facilitated by using suitable proxy and reference data such as the
electricity generation fuel mix, operating costs and revenue data, input and output product details,

and their distribution rates to other sectors, and historical trends. Also, the disaggregation module
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Figure 1.4: Historical profile! timeline of prominent events, 1788 to 2017
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helps with construction of input-output infrastructure embedded tables, which are the core input

to all models in the framework. Details of the sectors in these tables are described in section 1.8.

Another important component of the quantitative framework is its mathematical module which
forms the operational engine of the framework. This engine drives the linkage analytics module,
for micro-level analysis of linkages and multipliers. The linkage analytical modules facilitate the
estimation of direct and cumulative linkage (weighted and un-weighted), and multipliers, as a
result of a unitary change in final demand of a given sector. Through multipliers analysis, the
direct, indirect, induced, and total effects of a unitary change in final demand of a given sector

through its linkages are estimated for the whole economy.

Another component of the framework is its forecasting model which allows investigation of the
future of linkages under a set of scenarios. The scenario results are helpful for making informed
policy decisions with futuristic impacts, as infrastructure development is intended to satisfy future
needs. The quantitative framework has an output module as well which enables consolidation,

tabulation, and graphical display of the results.

Proposed methods and formulations

Another feature of the quantitative framework is its operation on proposed and modified
formulations, to more accurately estimate the linkages and overall sectoral strengths for the key
sectors in the economy. These formulations also add value to input-output theory and practical

applications as discussed in this thesis.
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Forecasting Model

The forecasting model assists with the development of the base case and two alternative scenarios

to investigate the future of sectoral linkages over the period 2015-2050. This model uses future

data sourced from a variety of government sources to assist with analysis of future linkages. The

scenario results provide inputs for recommending infrastructure policies with a futuristic view.

This is discussed in details in Chapter 9 of the thesis.

1.8 Research Scope

Infrastructure in the context of this research

The infrastructure of focus in the context of this research is referred to as the Infrastructures of

Interest (I0I) which is composed of four major groups:

1.

ii.

1.

1v.

The primary energy resources covering the Crude Oil (including condensate), Gas
(including Nat Gas, LPG and CSG), Coal Mining, Other Mining, Exploration and Mining

Support Service, Petroleum Products Manufacturing, and Coal Products Manufacturing;

The electricity sectors as secondary energy sources, composed of electricity generation
sectors powered by various fuels including coal, gas, oil products, hydro, renewables and
others. Also, it includes electricity transmission and distribution. In this context, the latter
can be referred to as electricity supply sector which receives generated electricity (less
own-use and losses at the power plants) for final uses (less its own transmission and

distribution losses);

Water sectors including urban water supply, rural water supply, and water services

(drainage and sewerage); and

Other major sectors of the Australian economy which are linked with the above groups.

Geographic Coverage

In this research linkages are estimated at the national level for all IOl and major sectors of the

Australian economy.

Historical Profile

The historical profile is comprises of four major distinct period as follows:

L.

ii.

The period 1788 to 1900 - occupation of Australia until the beginning of federation;

The period 1901 to the early 1970’s - from the start of federation covering prominent
events in the economic history such as the 1929 Great Depression, 1930 WW-II, and first

oil shock;
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iii.  The period mid-1970’s to the late-1990’s - includes the recession period of 1975 to 1999,
second oil shock, reform periods of 1973 to mid-1990s, the 1994 National Competition
Policy and the Asian meltdown of the 1997;

iv.  The period 2000 until 2017 - with major events such as 2004 National Water Initiatives
and Energy White Paper, the 2007-08 Global Financial Crisis, and mining booms which
started around 2003 and continued to the peak level in 2013.

Factors influencing development of linkages

To understand the linkages it is necessary to identify factors that have shaped their development.
Therefore, the linkages are studied within the scope of economical, technological, political,
reform, policy, institutional, regulatory, social, significant movements and events, international

influences, and logical factors.

1.9 Data Considerations

As described earlier, the methodological framework daws on diverse fields of knowledge. As
such the corresponding data requirements reflect the multi-disciplinary characteristics of the
framework. Table 1.3 describes the data sources relevant to each objective of the research,

provider sources, the data availability and the data gap and a brief reference to how the gap can

be filled.

Quantitative Analysis Data

The analysis required a very large volume of direct and reference data which had to be collected
from diverse sources. The collection task was very difficult requiring enormous effort. The
difficulty was more prevalent for the pre-1999 input-output data and the water data which were
not available in digital formats. The data for the period 1975 to 1998 were available in hard copy
forms. This required manual entry in spreadsheets and formatting into a suitable digital format

before being uploading into the research model.

An additional layer of difficulty was associated with the inconsistencies among various data
sources, influenced by the underlying methodology and assumptions. Also, the Australian input-
output tables, as the core set of data for the quantitative analysis model, had gone through several
iterations of sectoral classification and codification standards over the period 1975 to 2015.
Therefore, these tables required careful codification realignments so that the sectors can be

compared properly.

In terms of disaggregating heavily aggregated sectors into the sectors of interest, relevant proxy
and reference data were needed. Availability of this data was very limited, given the sector-

dependent nature of the data. Considering that the econometric and model-based methods are
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Table 1.3 Data Sources utilised by each specific objective

Specific . Data Data How data
. . Data requirements Data Sources o ere
Objectives Availability gaps gaps filled
(a) GDP and sectoral growth data (a) ABARE, ABS, OECD, IMF
(b) Population growth forecasts (b) ABS
(c) Net Capital Stock and Asset formation (c) ABS, IPA, 1A
(d) Input output data for economic sectors (d) Research papers, project reports,
national input output tables
(e) Infrastructure demand forecasts, (e) States and Federal Government Largely )
1 efficiency improvements, infrastructure reports, Infrastructure providers (gas, Available Medium N/A
economic data electricity, water, oil, petroleum, coal),
Owen Inquiry Submissions,
Government commissioned reports
(f) Comparative infrastructure data (f) OECD, IEA, IMF; IC, CEDA, BCA
(2) Income, employment, output indicators (2) ABS, CEDA, IC, BCA, OECD, IMF, [EA
- Information on historical events and
formation of Australia o
- Infrastructure development in Australia - Used significant
- Economic and technological developments sectors and years
in Australia - Books, journal articles ) for
’ - Structure, ownership, regulatory - Legislation, policy papers _Wthh_ data
arrangements - Governments publications Largly is available
. e - . . Small
- Reform philosophy, reform initiatives and - Interviewing experts in the area and Available
supporting institutions personal accounts, - Used o
- Water, electricity, gas, oil and petroleum - Heritage assessment reports; trend analysis in
products supply and use - Annual reports presence.
- Political ideology; Social and economic ofa.decrealsmg
development paradigms or increasing
- Globalization trends
- Domestic and International Influences
- Existing linkages, focus areas, scope, applied
methods, findings and relevance to the ) )
- Journal articles - Obtained expert
proposed research . .
- Infrastructure functions . POh,Cy pap ers' . . adv1c-e and
. C . - National and international international data
- Lmkages characteristics, dimensions Largely i
3 . research papers h High - Used Important
and algorithms; Profect i Available tors for which
- Input Output Tables for Australia o ec' rep ors . sectors forwhice
C . . - Interviewing experts in the area; data
- Elasticities, intensities and entropies .
o o - Input output tables was available
- Policy impact analysis of linkages
- Proxy data to disaggregate bundled sectors
(a) GDP Price deflators 1975-2015 (a) ABS
(b) National Input-Output Tables (b) ABS - Largly For missing
(c ) Generation by furl type proxies (c) IEA, ABARE, BREE, OECD,GTAP Available proxy data used
(d) Direct and cumulative coefficients (d) ABS, Model esimation - Proxy data  Medium trends in
4 (e ) Proxy Data (Op Exp., Op Revenue) (e ) NWC, WSAA, IBSWorld very hard to to presence of a
(f) Percent electricity generation up-/downstream (f) 2007-2015 ABS 10 Tables obtain High declining /
(2) ANZSIC sectroal Classification codes (2) ABS - Concistency . g
. o . increasing trends
(h) Sectoral product details and distribution rate ~ (h) ABS issues
(i) Employment by sector FTE data (i) ABS
- Future sectoral growth / decline - Sources as oulined for objective 3, plus:
- Future GDP, population, final demand - Government economic development . .
L . . - Very limited - Obtained expert
- Present and future policy directions plans (e.g. energy policy white paper oo .
. . . availability advice and
- Alternative scenario development data for Australia) Hard t international dat
5 - Global and domestic influences on technology - Government reviews (e.g. Finkle Review) ) lft " . 0 Hi m[;:m(z; Ilona ta a
(e.g. renewable energy, future technologies) - ABARE, BREE, IEA forecasts (,) an igh - Used Impor z?mt
. . . Lo - Difficult to sectors for which
- Employment, income and value added - Comparable international projection .
decipher data was
data models (e.g. UK Energy Model) . .
-Inconcistent available

- National Energy Guarantee Scheme
(NEG)

ABARE: Australian Bureau of Agricultural and Resource Economics; ABS: Australian Bureau of Statistics; BCA: Business Council of
Australia; BREE: Bureau of Resources and Energy Economics; CEDA: Committee for Economic Development Australia; GTAP: Global
Trade Analysis Project; IC: Industry Commission; IEA: International Energy Agency; IMF: International Monetary Fund; NEC: National
Water Commission; NEG: National Energy Guarantee Scheme; OECD: Organisation for Economic Cooperation and Development;
UBER: Utah Economic and Business Review; UN: United Nations; WSAA: Water Services Association of Australia; I[PA (Infrastructure

Partnership Australia); IA (Infrastructure Australia).
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very demanding in terms of data inputs, collection of such data was a challenging task. In
particular estimating some of the missing values through regression necessitated high frequency

and reasonably long time series so that the estimation is valid.

Similarly developing adaptive linkages and scenario analysis model to respond to the availability
of more accurate and complete data, as they become available, was a challenging task. Also, the
model needed a data validation and cross-validation module, to progressively and dynamically
keeping track of correct data in the model. Other data challenges were related to obtaining valid

forecasting (projection) data to develop the base case and alternative future scenarios.

Qualitative Historical Data

This research focuses on infrastructure linkages, it was considering necessary to investigate the
historical evolution of various infrastructure sectors in Australia - in order to identify factors and
trends that influenced the development of linkages. This task required extensive review of
literature comprising secondary sources and contemporary accounts (books, reports, journal

articles, legislation and policy papers).

Data Availability: Present and Future Challenges

The availability and quality of data has been a major challenge for developing this research. Some
of such challenges include: the required data were not collected in the past because what is needed
now was not known in the past, or if known, its collection was not a priority at the time. In
Australia, collection of infrastructure data gradually expanded after the implementation of
microeconomic reforms of the mid-1980 and subsequent waves of reform; data was collected but
it was either incomplete or in a form that without manipulation and application of certain
assumptions - which could affect the accuracy of data - was of no use; data is available but its
release is treated 'confidential’; or its collection was influenced by the narrow scope for studies

undertaken.

The need for diverse and accurate economic and infrastructure data is recognised at the global
and Australian levels. At the global level, for example, IMF (2016) reports that the G-20 Data
Gaps Initiative (DGI) has aimed at addressing the data and information needs and recommends
“evolving policy needs focus more on datasets that support the analysis of the inter-sectoral
linkages across the economic and financial systems”. In Australia, the need for accurate and
accessible sectoral data has been recognised and some actions taken to fill the gap. For this
purpose, government departments have been given the responsibility of collecting and managing
the required data. For example, the Australian Bureau of Statistics (ABS), or Bureau of
Infrastructure, Transport and Regional Economics (BITRE) currently play a fundamental role in

data provisioning.
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1.10 Significance of this Research

Traditionally, the linkage analysis has only concentrated on the inter-industry quadrant of the
input-output tables, for estimating backward and forward linkages in response to a unitary change
in final demand. This analysis alone would not provide adequate insights for making informed
policy and investment decisions. For example, it does not provide backward and forward
estimates of a number of most important linkages that a sector has developed with other sectors
of the economy, and mechanism to analysis their stability over time; it does not estimate the
relative degree of sectoral specialisation, integration, or outsourcing; it does not inform the degree
of sectoral responsiveness to supply of inputs to other sectors as a results of change in final
demand; it does not characterise linkages by identifying the most contributing sectors to the
overall sectoral linkage magnitudes. This information is needed to strengthen and maintain
important links over time. Also, through standard input-output tables, it is not possible to analyse
the linkages of the sectors which produce for final demand - particularly for exports - with other
sectors in terms, for example, of new jobs created in these sectors. Additionally, there are analysis
redundancies created by estimating output, supply, and value added multipliers. The latter
estimates can be provided through backward and forward linkages using extended linkage-

analysis formulations which are proposed by this research.

Therefore, a significance of this research, as further discussed below, is the development of a
holistic approach to analyse linkages and multipliers with ‘new’ and ‘reformulated’ approaches.
These approaches have contributed to overcoming the abovementioned shortcomings.

Consequently, the policy significance of micro-level analysis has been enhanced.

Additionally, this research provides answers to practical policy and investment questions
(discussed later in this section). In this respect, therefore, this research contributes to both input-

output theory and practice.

Development of Holistic Approach to Linkage Analysis
The linkages are analysed holistically in this research. The linkages are considered multi-
dimensional, where each dimension provides useful information which collectively would
provide insights for developing robust policies and making informed investment decisions. The
major dimensions are outlined below:

e Backward and forward inter-sectoral linkages;

e Intra-sectoral trade linkages;

e Non-industry backward linkages with primary factors of production;

e Non-industry forward linkages with sectors of final demand;

e Linkages as a result of direct purchases of primary factors by sectors of final demand;

e Linkages created based of the importance of direct and cumulative coefficients;
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e Backward and forward concentration linkages, signifying the number of sectors that each
industry buys from and sells to;

e Backward and forward entropy linkages signifying the degree of sectoral integration,
specialisation, and outsourcing in the economy;

e Linkages of jobs in other sectors with production sectors producing for final demand;

e Sectoral linkages capable of generating new employment, new income, and new value

added for alternative policy scenarios for economic development.

The literature review has revealed that the above noted array of linkage dimensions are neither
fully recognised, nor their economy-wide policy impacts holistically taken into consideration.
This oversight does not allow to comprehensively analyse major characteristics of the sectors with
strong backward and forward linkages. These sectors are capable of inducing production in other
sectors, generating new employment, and new income in the economy. Therefore, if the most
important linkage dimensions are known then the “trade-offs” which otherwise could occur can

be prevented.

Practical Answers to Policy and Investment Questions

This research, through detailed analysis of linkages and multipliers, provides practical answers to
some major policy questions, by evaluating alternative policy scenario outcomes, select-examples

of which are outlined below:

i. What are the multiplicative effects of an investment on capital rate of return?
ii. Which sectors should the government invest in, in order to maximize economic output?
iii. What are the impacts of infrastructure investments on employment, household income,
development of quality life for citizens, and contribution to value added?
iv. Which sectors are competitive, and capable of inducing economic activities in other
sectors?
v. How vulnerable is the economy to major financial and economical interruptions? How
quickly can an economic sector recover from a crisis?
vi.  What would be the impact of aggressive pursuit of policies (e.g. promotions of renewable
energy) on economy?
vii. How will the trade balance of the country be affected by the presence of infrastructure

linkages?

Contribution to the Input-Output Practice and Theory

This thesis has contributed to extending the theoretical and applicational domains of input-output

framework by, for example:
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1) Providing an in-depth understanding of the multi-dimensional nature of infrastructure
linkages and multipliers in the Australian context, over the period 1975-2050, significantly
overcoming the present narrow focus on linkage analysis;

2) Extending the traditional backward and forward linkage formulations beyond the inter-
industry quadrant, covering all quadrants of the input-output tables; this, together with
major linkage indicators, introduced in this research, should provide practical answers to
policy an infrastructure questions (discussed earlier);

3) Proposing a new system of weights to better assist with policy decisions which require
information about the relative importance of various sectors in the economy in terms of
their share in value added, or share in final demand;

4) Developing a more detailed system of classifying the sectoral strengths through which the
level of sectoral contributions to the economy can be estimated more accurately;

5) Developing a new method to identify variations across sectoral cumulative coefficients;
this method provides a relative indicator of variability from which sectors could be
compared against each other;

6) Holistically incorporating the aforementioned improvements and proposed approaches
into a comprehensive Infrastructure-embedded 10 Model (IelOM) - to effectively capture
a vast range of multi-dimensional linkages and to investigate their policy impacts at sectoral

and economy levels.

Beneficiaries

While this research focuses on Australia, various methods, approaches and findings are equally
relevant for other contexts. Some beneficiaries of this research should include:

Researchers who may wish to extend this research;

Public policy analysts and advisors for providing advice to policy makers, to better formulate
policies;

Private sector to make informed investment decisions, by knowing the effect of linkages on such
decisions;

Others interested in learning about the relationships between various infrastructures.

1.11 Thesis Structure

This thesis is structured as follows:

Chapter 2 relates to the Objective I- It empirically establishes the importance of infrastructure in
the Australian and global contexts through a detailed review of literature, and econometric
analysis of major indicators such as contribution to gross domestic product. This chapter analyses
the investment correlations between the IOl and other sectors of the economy through a developed

GDP model.
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Chapter 3 relates to the Objective 2 - The historical profile of infrastructure evolution in Australia
over the period 1788 (the beginning of the European settlement in Australia) to 2017 is developed
and described. The purpose of profile is to develop insights into the underlying factors which may

have influenced the evolution.

Chapter 4 relates to the Objective 3. This chapter describes the methodology used in this research
to analyse linkages and multipliers. For this purpose, it introduces an integrated quantitative
analysis framework, composed of an infrastructure embedded input-output model; supporting
econometric modules such as sectoral disaggregation, linkages analytics, and data consolidation,
tabulation and presentation modules; mathematical formulation (existing and proposed methods);
and a forecasting model to study the multi-dimensional characteristics of future linkages. This

framework guides all analysis are carried out by this research.

Chapter 5 relates to the Objectives 3, 4 and 5. This chapter proposes a new system of weights
where both the traditional and the new methods are compared and the numerical outcomes of each
are discussed. This Chapter discusses the relevance of weighted linkages to policy development
and associated decisions. It concludes that estimation of both weighted and unweighted linkages
play an important role in understanding the nature of linkages from technological, structural and

policy perspectives.

Chapter 6 relates to the Objective 3, 4 and 5. It presents the foundational sensitivity analysis of
the input-output coefficients and classifies coefficients into four sensitivity classes. The Chapter
identifies the most important coefficients, and their role in linkage analysis. The results of this
analysis are compared with the estimates obtained by unweighted linkage approach. This chapter
also tracks technological changes over time, and determines the threshold beyond which the

sectoral production would be affected.

Chapter 7 relates to the Objectives 3, 4 and 5, this chapter presents the unweighted and weighted
linkage estimates, beyond the traditional inter-industry quadrant, through the application of the

proposed four-quadrant linkage analysis framework.

Chapter 8 relates to the Objective 5. In this chapter, the discussion on linkages is extended to
various multipliers and their direct, indirect and induced effects; elasticity analysis; and the

linkages between sectors which produce for final demand and other sectors.

Chapter 9 relates to the Objective 5. The policy impacts of a Base Case and two alternative
scenarios over the period 2015-2050 are discussed, particularly, information about linkages, over
the period 1975-2015 and 2015-2050, could provide insights for development of policies with

futuristic impacts. Also, it recommends inputs for development of policies.

Chapter 10 relates to all Objective 1 to 5. It summaries the key research findings of this research,

contributions to knowledge, and some recommendations for further research.
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2 IMPORTANCE OF INFRASTRUCTURE IN AUSTRALIA

This chapter investigates the importance of infrastructure in the global and Australian contexts.
This investigation is based on a comprehensive review of literature and available data on
infrastructure spending over the period 1960 to 2017. The infrastructure-economy linkages are
measured using a subset of data over the period 1998 to 2008 for which a complete set of data are

available.

This Chapter is organised as follows: Sections 2.1 and 2.2 provide an overview of the importance
of infrastructure in the global and Australian contexts. Section 2.3 identifies major indicators for
measuring the importance of infrastructure in the Australian economy. Section 2.4 presents the
trends in public, private and total infrastructure spending in Australia. Section 2.5 discusses
infrastructure-economic growth linkages in the historical backdrop of the economic growth
theories. Section 2.6 presents a GDP model developed in this research for analysing the

infrastructure-economy linkages; and Section 2.7 presents the main findings of this chapter.

2.1 Infrastructure in the global context

Global Infrastructure Investments — The world has traditionally placed a great priority on
infrastructure, because of its economic growth impacts. For example, Statista (2017¢) reported
that on average the world has invested between 2 to 8.8% of its GDP on infrastructure over the
post-GFC period 2008-2013 (see Appendix II.B, Table II.B.6). Additionally, Foreign Direct
Investment (FDI) flows in infrastructure, have continually increased over the years to complement
public spending on infrastructure. For example, over the period 1990-2006, FDI in infrastructure
worldwide increased nearly thirty fold, from about $25 billion in 1990 to $786 billion in 2006
(UNCTAD 2008). In 2007 alone, the value of infrastructure FDI was $1.84 trillion, or 29% of the
world GDP, a significant increase in comparison with 1990s (Appendix II.B, Tables 1I.B.1 to
Table 11.B.5).

There is a heightened realisation about the importance of infrastructure in the past two decades
both in developing and developed countries. For example, according to Fay & Morrison (2007)
and World Bank (2008b), developing countries need to invest 7 to 9% of their GDP on new
projects and maintain the existing infrastructure to achieve economic growth and meet poverty
reduction goals. Also, according to TEA (2008b) it is estimated that to the year 2030, US$26
trillion (2007 dollars) will be required in the energy sector alone, comprising US$13.6 trillion for

the power sector, of which $6.1 trillion will be required for electricity generation alone. Also,
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USS$6.7 trillion will be required for the water infrastructure (OECD 2018, Winpenny 2015, UN
2015b) to respond to the world’s population of nearly 9 billion by 2030 (UN 2015a). World
Bank (2008a, 2008b) estimates that on average, developing countries actually invest 3 to 4% of

their GDP in infrastructure annually.

Figures 2.1 to 2.3 show infrastructure investments in terms of total fixed capital, total public

spending, and foreign direct investments (FDI) in developed countries. The key points are:

e According to OECD (2006b), total fixed capital infrastructure investment (public plus private)
by developed countries was between 15 to 30% of each country's GDP over the period 1990 to
2004. Figure 2.1 shows the distribution of countries’ investments above and below the line of
no change. The countries above the line increased their fixed capital investments over the period
1998-2004 in comparison to the period 1990-1997. Countries with no change in investments
over the two periods are located on the line;

e Public infrastructure spending as a percentage of GDP by developed countries was between 1.5
to about 7 percent of GDP over the period 1990 to 2004 (OECD 2006b). For majority of
developed countries the level of public infrastructure investments remained almost the same
over the periods 1990-1997 and 1998-2004 (below the line of no change) showing steady flow
of public spending. Japan, Turkey, Iceland, Mexico and France were among the countries with
the highest level of public infrastructure spending over the period (Figure 2.2);

e Also, developed countries boosted investments in infrastructure through foreign direct invest
(FDI). For example, in 2007, despite the financial credit crisis, total FDI flow in developed
countries reached their highest level ever ($500 billion) - a 21% increase over 2006 (UNCTAD
2008). The US maintained its position as the largest recipient country, followed by the United
Kingdom, France, Canada and the Netherlands. The European Union was the largest host
region, attracting almost two thirds of total FDI inflows into developed countries (Figure 2.3).

Infrastructure is particularly important at times of economic downturns as shown by the global

experiences of the great depression in 1929 and the credit crisis of 2007-08. In these times, the

governments of the world intensified investments in infrastructure to counteract the negative
demand shock which created stress on the whole economy including the inter-linked system of
sectors with which infrastructure interacts; also, according to Fournier & Johansson (2016), high
government spending in times of crisis encourages economic growth in long run. Example of such
investments in 2008 global financial crisis are: Europe ($300 billion/year), Brazil ($281 billion
till 2010), China ($180 billion/year), and the US ($150 billion/year) (De, P. 2009).

2.2 Infrastructure in the Australian Context
Infrastructure is particularly important in the Australian context, because of the country’s climate;
population distribution over vast areas, where cities are highly populated and small rural

communities are locationally far apart; and its remoteness from the rest of the world (Gray 2009;
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Figure 2.1:

Total fixed capital infrastructure investment, developed countries, 1990-2004
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Blainey 1975). Infrastructure is also important in Australia to meet the needs of the country’s
growing population, which is expected to reach 30 million by 2030, and 40 million by 2055
(DIRD 2014; IA 2015). According to ABS (2016), about 67.1% of the population lived in capital
cities in 2016, which is expected to grow from about 16.3 million in 2017, to nearly 25 million in

2046 (IA 2018).

Australia’s distance from domestic and international markets has influenced development of
transport and communication infrastructure which has significantly contributed to Australia’s
economic growth. According to the World Competitiveness Yearbook (IMD 2017), Australia’s
communication and connectivity infrastructure is ranked 54 and 49 (out of 63 surveyed countries)
respectively. In contrast, investment in telecommunications as percentage of GDP is ranked 8",
demonstrating Australian governments’ commitments to continued improvements of priority

infrastructure.

The global competitiveness of Australia’s infrastructure based on a 2017 survey of 63 countries
is eighteen (IMD 2017), owing to the Australian governments’ commitments to continued
improvements of the country’s infrastructure. Infrastructure has indeed been accorded a high
priority by the Australian governments, for example: from 1960 to 2017, on average, a total of
10.2% of GDP (real terms, 2016 prices) was invested in infrastructure (this author’s calculation
based on ABS data). Also, in late-2008 infrastructure attracted 14% of the Federal Government
economic stimulus spending to strengthen the economy in the aftermath of GFC. According to
OECD (2009c, 2009f), Australia invested 0.82% of its GDP (A$9.7 billion) on stimulus packages
funding road, rail, housing and education infrastructure in 2009. As a result, Australia’s
infrastructure developed further which was a major factor in continued economic growth of the

country.

Figure 2.4 shows Australia’s average public infrastructure investment position over the periods
2004-2009 and 2009-2014, in comparison to OECD average and other developed countries
(OECD 2016). Australia’s infrastructure spending over the period 2009-14 is slightly above the
OECD average, and above its average spending over the period 2004-09, but lower than other

developed countries such as USA, Canada, South Korea, and Estonia.

The importance of infrastructure in Australia, also arises from its geopolitics and security links.
Consequently, the Australian government places significant priority to attract FDI as an important
vehicle for promoting economic growth (DFAT 2017; DIIS 2015a, 2016). According to Trading
Economics (2018), and DFAT (2017), Australian foreign direct investment in 2016 was $64.83
billion, 16% higher than in 2008.

Indicators for Measuring Importance of Infrastructure

Share of General Government Expenditure (GGE) - Infrastructure investment as a share of
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Figure 2.4: Australia’s public infrastructure spending, global comparison: 2004-2014
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General Government Expenditure (GGE, defined as the sum of General Government expenses

and General Government net acquisitions of non-financial assets) (IPA 2018a) is a popular

indicator to measure the importance of infrastructure. Table 2.1 shows infrastructure investments

as Share of General Government Spending in Australia at national and state levels. This method

uses infrastructure spending plus financial leases data which are sought from the states and federal

budget papers, and subsequently processed based on the variables applicable to each state and

territory. For example, for Federal Government spending, the variable “infrastructure spending”;

in case of state of NSW the variable “gross capital expenditure”; and for other states and territories

the variable “purchases of non-financial assets” are used to calculate the infrastructure spending

as share of government expenditure. Also, for financial leases, “acquisitions under finance leases

and similar arrangements” are included in calculations (IPA 2018b).

Table 2.1: Infrastructure spending as share of GGE, 2005-2020

State Governments Spending Commonwealth Australia
Year NSW VIC QLD ACT SA WA NT TAS Spending
2005/06 8.91 8.17 11.51 7.75 6.36 8.08 8.46 8.33 0.54 7.57
2006/07 8.86 9.15 13.83 8.66 6.45 10.12  10.36 7.63 0.70 8.42
2007/08 9.19 824  16.05  10.80 6.95 1245 1041 7.41 1.14 9.18
2008/09 9.41 8.51 16.84  10.71 894 11.20  10.67 8.44 2.20 9.66
2009/10 11.65 1047 1949 1506 1284 1298 1796 1522 1.71 13.04
=/2010/11 11.08 1047 1740 16.77  12.81 12.16  19.54  13.93 1.04 12.80
£l2011/12 9.11 8.58 1607 1648 10.23 12.66  17.58 9.90 2.00 11.40
< 2012/13 11.62 992 1446 1579 1231 12.07 1297 8.99 0.95 11.01
2013/14 12.33 8.00 13.18 1343 9.00 11.79  10.96 6.91 1.69 9.70
2014/15 12.98 8.35 10.71 14.87 5.44 9.44  16.67 7.50 1.16 9.68
2015/16 12.23 9.57 8.92  14.60 6.45 838 11.98 7.49 1.61 9.02
2016/17 1435  13.18 9.23 1497  21.35 8.74  13.52 9.33 1.67 11.82
2017/18 MID YEAR  16.81 14.71 9.86 1529  11.55 1027 16.61 10.72 1.71 11.95
%[2018/19 18.55 12.79  12.51 18.11 9.54 7.86  12.78 9.93 1.27 11.48
8[2019/20 1242 1099  11.57 10.71 7.59 5.58 7.78 7.03 1.00 8.30
£]202021 937 11.67 10.51 9.75 7.45 4.20 7.12 6.01 0.79 743

Note: The Commonwealth Government provides funding to support State infrastructure projects.

Source: IPA (2018b). Data as at 11 April 2018.
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Share of Gross Domestic Product (GDP) or Share of Gross State Product (GSP) — This is the
most commonly used indicator because of data availability. It measures infrastructure investment
in terms of the actual spending in real term annually as percentage of GDP or GSP. Also, it enables
to compare different-sized economies. This method is used in this research because of availability

data from Australian Bureau of Statistics (ABS).

However, this indicator as well as the Share of General Government Expenditure indicator,
measure inputs which may not translate directly into productivity benefits which is dependent on

quality of the investment. Assessment of investment quality is outside the scope of this research.

Total Fixed Capital - Figure 2.1 shows that OECD (2006b) has used the value of total fixed
capital stocks of built assets as an indicator to show the importance of infrastructure investments
and accordingly assess the adequacy of infrastructure provisioning by developed countries.
However, because the economic life of the fixed capital stretches over the life of infrastructure -
normally two to five decades (Maze & Green 2000) - the use of this indicator for assessing the

adequacy of current infrastructure investment may not be suitable.

Capital Stock - An alternative indicator is to measure capital stock which takes into account the
cumulative value of infrastructure investment over its life span minus the value of the capital
which is used by the infrastructure for producing its outputs. This method also deducts the value
of assets that have reached the end of their service lives. Research by (Maze & Green 2000) and
Kamps (2004) shows the usefulness of this indicator in comparison to the total fixed capital

formation.

Unfortunately, literature shows very little research on developing standardised methods for
capitalising infrastructure assets. As a result, there are varying definitional, data collection, and
estimation methods by different countries, which makes it difficult to compare results. For
example see OECD (2017b) and ABS (2017a). To overcome the latter issues, the literature
suggests application of Perpetual Inventory Method, PIM (Kamps 2004), and Simplified
Perpetual Inventory Method, SPIM (OECD 2009e; Dadkhah & Zahedi 1986; Pyo 2008;
Schmalwasser 2002) to measure Capital Stock. Figures 2.5 and 2.6 show the application of capital

stock indicator for selected OECD countries including Australia.

The literature reveals linkages of production technology with investment indicators such as PIM
and SPIM to more effectively measure the importance of infrastructure including investments in
manufacturing and services sectors. Literature also confirms direct relationship between the level

of investments and estimation of capital stock (Figure 2.6). See Kamps (2004) for details.

The Capital Stock methods are gradually implemented. However, total fixed capital is the most
commonly used indicator by majority of countries including Australia. This research has applied

total fixed capital formation indicator because of data availability in Australia.
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Figure 2.5: Total infrastructure capital stock, selected developed countries
(% of GDP, 2000 purchasing power parity, $US)
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Similar approach is shown by Figure 2.6 for net public infrastructure capital stock.

Figure 2.6: Net public infrastructure capital stock, selected developed countries
(% of GDP, 2000 purchasing power parity, $US)
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Engineering Measurement of Condition of Infrastructure Assets — This method is used by
some countries to base the value of infrastructure on the engineering condition of infrastructure
and a system of infrastructure management to collectively assess importance of infrastructure in
the economy, and to prioritise investments (Fraumeni 1999). For example, California Department

of Transportation is used this method to capitalise bridges (Maze & Green 2000).

Level of foreign investments in infrastructure (FDI) - The level of foreign investments in
infrastructure, also signifies the importance of a country’s infrastructure as an appealing
investment proposition to foreign investors (DFAT 2017; DIIS 2015, 2016; UNCTAD 2008). In
this case, the relevant indicators are inward and outward values for capital stocks and flows and

FDI restrictiveness.

2.3 Infrastructure spending in Australia
Infrastructure investment in Australia has contributed to economic growth by facilitating

international trade, improving competition, and reducing longer-term costs of entry to larger
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markets or expanding the existing level of access to domestic and international markets. For
example, investments in oil and gas pipelines, ports, roads, and other forms of transport
infrastructure significantly improved access to international markets raising exports to $243
billion (15% of GDP) in 2014, placing the country in 21st position globally according to the
economic complexity index, ECI (Australian Mining 2016). Investments in exports infrastructure
is important in Australia, because Australia provides 35% of global coal (second largest exports
after iron ore and ahead of gold accounting for 15% of overall exports), and 52 million tonnes of

LNG (DIIS 2017) to the value of $22.3 billion to the world (Hutchens 2017).

Also, infrastructure investment has expanded the Australia’s per capita infrastructure stock of
built assets. The total value of infrastructure assets, according to Straub (2011), Romp & de Haan
(2007), and Bom & Lighthart (2009) shows impacts of infrastructure investment on economic
growth. For example, Arcadis (2015) estimates Australia’s total value of infrastructure assets at
about US$3.25 trillion in 2014 - about 10% higher than the 2012 level (Figure 2.7) - and the per
capita value of US$138,523 (Figure 2.8). Australia is 6™ country in the world with the highest per
capita value of infrastructure assets in comparison to USA (US$115,987, ranked 15), and China
(US$34,457, ranked 24) in 2014.

The effects of investments on economic growth depends on the size of present and future
infrastructure investments, and whether the investments are aimed at developing new linkages or
enhancing existing linkages between infrastructure and other sectors of the economy. For
example, OECD (2009a) reports that a small addition - such as interconnection between two
networks such as electricity and gas can have significant impact on efficiency and growth, but
subsequent investments may have a much smaller effect. Additionally such improvements, raises
the level of importance of infrastructure in the economy making it more attractive to investors,

which in turn add value to economic growth (see Chapter 8, multiplier effects).

Infrastructure spending is directly linked to demand for infrastructure services influencing
economic growth. As a result, policy makers are interested to know the impact of their policies
on demand, infrastructure spending, economic growth, and returns on capital. For example,
researchers have examined the relationship between electricity use and GDP, in particular the
causality of relationship. They have found that increased electricity consumption led to higher
GDP (Yang 2000); also, a change in electricity supply influenced by the level of investments had
significant impacts on a change in real GDP (Morimoto & Hope 2004).

The relationship of infrastructure investment with returns of capital may not always be an
important consideration, particularly in case of public infrastructure spending which is influenced
by the social-welfare linkages of infrastructure. For example, public investment in roads and
highways are extremely important in Australia because geographically population and economic

centres are highly far apart; or investments in water and electricity are necessities of citizen’s life.
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Figure 2.7: Australia’s total infrastructure stock of built assets, 2012-2014 ($US trillion)

50
B 2014
M 2012

40

Trillions US &
{753
o

)
o

-
o

2 @ E,ﬁmgn ) m-gE 2 9 ¢
o i ¢ 5§ = 8 ¢ = gv—-'- £ © £ o o
gﬁg%’ga—:gimg’gg?‘n’fﬁa&?g%%‘iaﬁgﬁg%%%s
i Q - B —- o -
C 2 8 £ 5 22 % f % 6 3z o vﬁﬁg.’:’ﬁ-‘:&gggg:’mgg?ucﬁ
o o == 3 g o T & &
v 1] z 0

Figure 2.8: Australia’s global position - infrastructure assets per capita, 2014 (USS$)
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Source: Adapted from Arcadis (2015) - Figures 2.7 and 2.8.

Additionally, areas receiving the infrastructure investment may benefit immediately or in the
longer term depending on the nature of investment, either upgrading an existing infrastructure or

developing a brand new infrastructure.

2.3.1 Public Infrastructure Spending

The highest investment by public sector from 1998 to 2017 was in water storage and supply
infrastructure followed by roads and highways as shown in Figure 2.9. The total infrastructure
spending decreased from 3% of GDP (real term, 2015-16) in 1998 to 2.6% in 2004. However, the
spending pattern reversed from 2005 to 2010, from 2.9% to 4.3% in 2010 because of increased
spending in water storage and supply, roads and electricity as major types of infrastructure
services during the latter period. On the other hand, spending on telecommunication decreased by

almost 40% (from 0.61% of the GDP in 1998 to 0.37% in 2004) in this period because of the

27



Government’s plan to privatise the communication provider, Telstra. Public spending on
telecommunication approached to almost nil (0.006% of GDP) in 2009. However, over the period
2011-2017 spending on communication increased by about 19 fold, because of implementing

National Broadband Networks, and advanced mobile communication technologies.

Figure 2.9: Infrastructure with the highest public spending, 1998 — 2017
(% of GDP, Real Term, 2015-16=100.0)
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In contrast, the lowest public infrastructure spending during 1998 to 2017 was in oil, gas and coal
infrastructure, while spending on railways was among the highest in this group. Australian
Government has no ownership stake in the domestic natural gas industry (EIA 2009a), however,
the Australian Energy Regulator (AER) regulates the industry. Ministerial Council of Energy
(MCE) coordinates the policy between the Commonwealth and States, and functions as director
of natural gas policy. Other infrastructure which attracted lowest level of public spending is shown

in Figure 2.10 during the same period.

Figure 2.10: Infrastructure with the lowest public spending, 1998-2017
(% of GDP, Real Term, 2015-16=100.0)
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The analysis reveals that the overall public spending has decreased over the period 1960 to 2017
(Figure 2.11). The spending was at its lowest during the late 1990s to early 2000. However, during
the late-1980 to late-1990s Australia’s GDP growth had considerably outperformed the OECD
average. This higher economic performance is partly due to infrastructure reforms of the mid-

1980s underpinned by microeconomic reforms in Australia (see Chapter 3 for details).

Figure 2.11: Total public infrastructure spending, 1960-2017 ($m, and % of GDP)
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Source: This author’s analysis based on ABS data (ABS 2017a, 2017c, 2018d)

The overall public infrastructure spending of 7.12% of the GDP in 1960 decreased to 3.53% in
2017 (real terms, 2016 dollars) in spite of the increase in the actual monetary amount of spending
on all infrastructure from $17,440 million (real term, 2016 dollar) in 1960 to $59,698 million in
2017 nearly by 3.5 fold (Figure 2.11). This shows that proportional to the total size of the GDP
in each year (the 1960 GDP of $245,051m in comparison to the 2017 GDP of 1,692,092m, about
7 times increase), the public infrastructure spending was not sufficient, as also confirmed by low
regression coefficients. This finding is further confirmed by Figure 2.12 comparing the
Australia’s average public spending over the period 2015-17 (3.13%) with the OECD average of
the same magnitude (OECD 2017¢).

The reason for low level of public spending can be related to good economic performance in
Australia, considering the 103 consecutive recession free quarters over the period 1990 to 2017
(see Figure 2.13 to 2Q 2016 for global comparison), alleviating the need for further spending by
various sectors of the economy. However, based on the experiences of the 2008 economic crisis,
experts asserted that in good economic times, governments should take advantage of the situation

by adequately spending on infrastructure to further strengthen their economies as a safeguard for
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% of GDP

difficult economic times as well as to promote the welfare of their nations. For example see OECD

(2017¢) and Fournier & Johansson (2016).

Figure 2.12: Australia’s public infrastructure spending, 2015 to 2017.
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Source: OECD (2017¢).

Figure 2.13: Australia’s recession free consecutive quarters, 3Q-1991 to 2Q-2016

Switzerland _ 28

Source: Adapted from OECD (2016).

2.3.2 Private Infrastructure Spending

Figure 2.14 in comparison to Figure 2.11 shows that contrary to the public sector, the private
sector invested in oil, gas and coal by nearly 127 fold (public 0.016% of real GDP, and private
2.038%) over the period 1998 to 2017. From 1998 to 2005, total infrastructure spending by private
sector decreased, but this pattern was reversed from 2006 and continued to 2014. The latter

increase was related to private sector’s higher investment in oil, gas, coal, and telecommunication
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infrastructure because of attractive returns of capital. According to EIA (2009a), private
investments in gas exploration in Australia has increased significantly since 2007, and continues
to date (DIIS 2017). It is expected that the investment in LNG and Coal Seam Methane (CSM)
increases over the coming years because of projects planned in Queensland and for NSW as well
as planned LNG plants in Queensland with a combined capacity of 794 Bcf per year (COAG
2016; MF 2015; Queensland DNRM 2016).

Figure 2.14: Infrastructure with the highest private spending, 1998-2017
(% of GDP, Real Term, 2015-16=100.0)
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Source: This author’s analysis based on data from ABS (2017a, 2017c, 2018c).
Infrastructures less attractive to private investors are shown in Figure 2.15, below.

Figure 2.15: Infrastructure with the least private spending, 1998-2017
(% of GDP, Real Term, 2006-07=100.00)
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Source: This author’s analysis based on data from ABS (2017a, 2017¢c, 2018c).
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Initially, private sector was the provider of infrastructure in Australia, but it was not willing to
invest in low return infrastructure such as water or electricity necessary for public consumption.
Therefore, the government started investing in such infrastructure at much higher rates to ensure
the nation’s welfare. Nevertheless, private sector invested in the electricity generation,
transmission and distribution infrastructure but at lower rate. Private sector’s investment in water
was the lowest (overall average of 0.07% of real GDP over 1998 to 2017), 30 times lower than

the public spending (1.5% over the same period).

The total private sector spending trends (in $m and as % of GDP, real term) followed an increasing
pattern over the period 1960 to 2017 (Figure 2.16). However, the regression analysis shows less
significant increase in private investments over the period.

Figure 2.16: Private sector’s pattern in infrastructure spending, 1960 to 2017
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Source: This author’s analysis based on data from ABS (2017a, 2017c, 2018c¢).

The private sector spending in real term (2016 dollar), particularly from 1990 to 2013, on average
is about 62% higher than the public sector spending. But, overall, on average it is only by about
20% higher than the public investment over the full period of 1960 to 2017. Table 2.2 shows that
overall, on average, private spending is lower than public spending by about 0.7% of GDP.

Table 2.2: Total public and private spending, 1960 to 2017 (%GDP)

Infrastructure Spending
(% of GDP, REAL Term, 2015-16=100)

Periods Public Private Total
?{S'()I\g_iig‘éesc)onomic reforms 7.67 3.94 11.49
?f;;—g;%rgg)conomlc Reforms and Pre-GFC 3.67 453 8.20
?;g(t,ﬁgg - 3.47 7.57 11.04
?1‘:;;3{12 017) 5.43 4.74 10.17

Source: This author’s analysis using ABS data (2017a, 2017¢, 2018c and 2018d)
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2.3.3 Total Infrastructure Spending

Figure 2.17 and Table 2.2 show the patterns of total infrastructure spending by private and public
sectors over three distinct periods of: pre microeconomic reform; post-reforms and pre-GFC; and
post-GFC. Throughout these periods, overall infrastructure spending decreased from the highest
value of 14.1% of GDP (2016 dollars) in 1966, to the lowest (6.3%) in 2001. However, the
efficiency gained through the post-microeconomic reforms, and the mining booms which started
around 2003 and continued to the peak level in 2013, significantly overrode the impacts of the

2008 crisis reversing the pattern from 6.6% of the GDP to 13.3% over the period 2002 to 2013.

Figure 2.17: Total infrastructure spending (Public and private) 1960-2017 (% of GDP, Real Term,
2015-16=100)
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Source: This author’s analysis using ABS data (2017a, 2017¢, 2018c and 2018d)

During this period, higher infrastructure spending was significantly boosted by the post-GFC
economic stimulus as described earlier in this chapter. The total spending over the period 2014 to
2017 sharply declined because of the end of mining boom which started in 2014; and global
economic uncertainty influenced by the 2016 Brexit vote as well as change of governments
around the world. These events have negatively impacted Australia because of its trade linkages
with Asian countries, mainly China, and others. Nevertheless, the overall average infrastructure

spending remained at 10.2% of the GDP over the period 1960 to 2017 (Table 2.2).

Figure 2.17 shows a statistically insignificant decreasing pattern of overall spending, because
sharp decreases in public spending are substituted by increased private spending. Private
investment started to increase because the paradigm for infrastructure provisioning in Australia
shifted from a centralized government policy to a market-based economic policy which

encouraged more private investment. The infrastructure reforms of the mid-1980s underpinned
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by microeconomic reforms were mainly responsible for policy changes as further discussed in
Chapter 3. During the post-reforms period, private sector’s spending increased to an average of
4.5% of GDP in comparison to the public spending of about 3.7% (Table 2.2). The increased
private spending pattern continued significantly in the post GFC period at an average rate of

nearly 7.6% of GDP.

The overall findings reveal that on average public spending (5.43% of GDP) exceeded average
private spending (4.74%) over the period 1960-2017.

2.3.4 Infrastructure Grouping vs Sources of Investment

In order to determine the share of infrastructure spending on broader infrastructure grouping, the
economic infrastructure within the ABS data reporting structure of engineering construction and
non-residential construction (ABS 2017c¢, 2018c¢, 2018d) are categorised into Resources and Non-
Resources groups. In the context of this research, the Resources Group includes water supply and
storage, electricity generation, electricity transmission and distribution, oil, gas, and other
minerals. The remaining infrastructure defined as Non-Resources Group. Figure 2.18 shows that
the total public and private spending on both Resources and Non-Resources groups is the highest
in 2013, attributed to the peak mining booms, by about 6.4% and 7% respectively. Also, the
spending on both groups over the period 2011 to 2016 was higher than other periods. The lowest
spending on Resources group is observer over the period 2001 and 2002 before the start of mining

booms in 2003being higher than Non-Resources group by 8% (0.6% of the GDP, real term).

Figure 2.18: Investments in Resources and Non-resources Infrastructure, 1998-2017
(% of GDP, Real Term, 2015-16=100.0)
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Source: This author’s analysis based on the ABS data (2017¢c, 2018c, 2018d).

The spending on Non-Resources infrastructure during the post-GFC period was higher than the
pre-GFC period by about 2.3% of GDP attributed to governments record high economic spending

over the period. In contrast, the investments on Resources group remained almost similar,
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increasing by about 0.9% over the same period. In 2008, about 61% of investments was on

Resources infrastructure group.

The findings show significant linkages of infrastructure investments with major events in the
economy such as mining booms and global financial crisis. During the period 2014 to 2017 the
total infrastructure spending dropped from 13.3% of GDP to 8.8% respectively. Over the same
period, the investment by private sector declined by about 46% while the public investment
remained unchanged at 3.5% (Figure 2.17). Also, investments could be impacted more
significantly by the non-renewable nature of Resources group. Therefore, these findings, together
with the findings provided in Chapter 6 through the input-output entropy and concentration
indices, suggests move to diversified infrastructure investments to further support economic
growth. For example, oil and gas companies can also invest in electricity sectors producing

electricity from non-renewable sources (see Chapter 6 and 9 for scenarios and further details).

2.4 Infrastructure-Economic Growth Linkages
This section discusses the infrastructure-economic growth linkages in the historical backdrop of
economic growth theories. The findings of this section facilitates development of a GDP model

for analysing the aforementioned linkages. The GDP Model is discussed in section 2.6.

Historical evolution of economic growth theory

Since the time of Adam Smith (1776) and his theory of economic growth, infrastructure
development has been recognised as one of the important contributors to the economy. Adam
Smith stated “...no roads, no transport, no trade, no specialisation, no economies of scale, no
productivity progress, and no development...”. Over the years, economic growth theory has
undergone significant revisions leading to current belief that government policies and
infrastructure provisioning impact on a nation’s economic growth. The evolutionary history of

economic growth theory leading to the current belief is described below.

The study of economic growth especially after the great depression in 1929 and subsequent
introduction of Keynesian theory attracted the attention of economists like Harrod (1948) and
Domar (1946) who independently applied a Keynesian model to analyse economic growth and
then jointly introduced the Harrod-Domar (HD) growth model. This model was based on
assumptions that the economy generates savings at a constant proportion of national income and
that the planned investments equals planned savings and finally investment is determined by the
expected increase in national income and a fixed technical coefficient, known as Incremental
Capital Output Ratio (ICOR). However, there are issues with this model: first, the fixed technical
coefficient implies that there is a fixed relationship between the capital and output, and second
because labour input is not included, the assumption is made that labour supply is elastic (Siggel

2005). To correct these issues, Solow (1956) and Swan (1956) subsequently modified the HD
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model to incorporate labour and time varying effect of technology in economic growth and
developed a collaborative model called the Solow-Swan or otherwise known as the neoclassical
growth model. However, Solow-Swan model failed to explain how or why technological
advancement occurs. Therefore, Arrow (1962) and Sheshinski (1967) incorporated learning by
doing human behaviour to explain the increased productivity because of advancement in
technology. Romer (1986) developed another model under the assumptions that the economy
operates in a perfectly competitive market environment; and that an equilibrium rate of
technological advancement can be determined under the compromise that the result of growth
rate would not be Pareto optimal. But in reality, the market is not perfectly competitive. Therefore,
the shortcomings of this model later led Romer (1987, 1990) to develop endogenous growth
theory, in other literature referred to as MRW (Mankiw et al. 1992), which considered
technological development of imperfect competition endogenously. This model gives importance
to government policies and infrastructure provisioning among other economic parameters for

stable economic growth.

Later, Stern (1991) by his growth theory determinants, Barro (1997) by his finding that
government guides long-term growth, and Prud'homme (2004) further recognised the impact of
infrastructure on economic growth. Barrow (1997) further expanded the Stern’s work and
concluded that adequate infrastructure as well as government consumption and the terms of trade
are among a range of identified parameters which influence economic growth. These researchers
also argued that overlapping infrastructure difficulties exert a compounding effect on a nation’s
economy causing it to rapidly decline. The following section defines the methods used by

researchers to identify the impact of infrastructure investment on economic growth.

Methods to identify linkages of infrastructure with economic growth

Infrastructure investment could have a mixed effect on domestic growth. A positive outcome,
may be achieved by public investment in times of economic recession. However, a negative
impact may happen if public investment increases under conditions of full capacity, which causes
increased demand for resources, and given full capacity, this may lead to increased costs of private

investment, resulting in a fall in private investment, thus reducing economic growth.

Because infrastructure plays an important role in economy, researchers have used several different
methods to find the relationship between infrastructure and economic growth, to the extent that
the results become rather lost in underlying mathematics and hence unconvincing. The reasons
could be application of non-standard methods and assumptions and possibly certain political or
philosophical ideologies leading researchers to arrive to different research outcomes. A group of
researchers believe that econometric problems such as unit roots and false correlation (Jorgenson,
1991), measurement errors of public capital (Cashin 1995), and measurement errors in the public

capital proxies (Baltagi & Pinnoi 1995) are the reasons for arriving at vastly different results.
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The analysis of the linkages between infrastructure investment and economy was reinvestigated
in the late 1980s. For example, Aschauer (1989a, 1989b and 1989c¢) applied a Cobb-Douglas
production function and used aggregated national time series data for the U.S. by expanding the
conventional production function to include the public capital or its components to investigate the
relationship between public infrastructure capital and economic growth. He found a very strong
and high-level linkage between these two variables. Even the return on public capital was much
higher than on private capital, which caused strong controversy (being criticised from many
methodological points of view, ranging from inappropriate estimation techniques to the specific
characteristics of the period analysed). However, by a similar approach, Munnell (1990a, 1990b,
1992, 1993) reached the same conclusion studying water and sewer and highway infrastructure.
Fox (1990) has formulated a general regional economic model of aggregate supply and aggregate
demand to analyse conceptual relationships between infrastructure investments and economy.
The results of the studies provided an explanation of the slowdown in productivity growth in
developed countries after 1973, which was caused to some extent, as reported, by the deficiency
of public capital. Using different production functions, including Translog function, several other
researchers have found high output elasticities for public infrastructure investment (public capital
stock) (Fernald 1999; Dalamagas 1995; Lau & Sin 1997; Otto & Voss 1994; Ram & Ramsey
1989; Ramirez & Nazmi 2003; Wylie 1996).

Additionally, other researchers employed a cost function approach (Lynde & Richmond 1992;
Morrison & Schwartz 1996; Nadiri & Mamuneas 1996; Khanam 1999). Cost function is
suggested as being even better suited to this kind of analysis because it avoids the possible
correlation between public and private capital (Gillen 1996). Interestingly, the studies using a cost
function are more consistent in reaching the conclusion that infrastructure capital has significant

and positive effects on economic growth.

The above group of researchers had shown that it is possible to empirically define the relationship
between public infrastructure and economic growth and such relationship is strong and positive.
However, another group of researchers found no or insignificant evidence to prove this positive
relationship (Ford & Poret 1991; Holtz-Eakin & Schwartz 1995a, 1995b; Hulten & Schwab 1991;
Sturm & De Haan 1995). Researchers: Hulten & Schwab (1991) estimated the relationship
between public infrastructure and economic growth at the state and local levels in USA using
sources of growth analysis' and concluded that public infrastructure does not significantly impact
on economic growth because the investment (capital stock) is greater when the country is in its
developmental stage or when the level of public capital stock is low, however, at later stages when
the infrastructure matures then the level of subsequent investment would not be that high; hence,
it does not play a significant role in economy. However, this view ignores the influence of major
variables on infrastructure spending assuming a stationary state for “mature” infrastructure. For

example, variables like increasing growth in population, new technologies, growth in per capita

' Sources of growth analysis is an equation of growth associated with the production function. It is estimated using
nonparametric index number techniques, and the importance of the various inputs is measured as the percentage
of the growth rate of output accounted for by each input (Hulten and Schwab, 1991). 37



income influencing demand for advanced infrastructure services; political environments locally

and internationally; and increased competition.

Another argument towards insignificant impact of infrastructure investment on economic growth
could be constructed on the basis that infrastructure spending forms a proportion of the GDP,
therefore, it is possible that infrastructure project are affected by budgetary restraint and subject
to funding-cut at times of economic difficulties. However, this conventional practice was not
supported at the time of recent world economic downturn in mid-2008, when governments around
the world decided to invest even more on infrastructure projects to revive their economies
preventing their economies falling into a recession. Nevertheless, issues surrounding
infrastructure funding remains which could lessen the contribution of infrastructure investment
on economic growth. Nevertheless, Governments with adequate economic activities at both
domestic and international levels as well as being successful in attracting private sector’s
investment can normally finance infrastructure projects with no difficulties through the life of the
projects. Governments normally finance infrastructure from the net revenue generated from direct
and indirect taxes (e.g. the controversial mining tax in June 2010 in Australia to fund roads, ports
and other infrastructure required for the mining sector) or through retained income such as
budgetary surpluses or through domestic and foreign borrowing if cut in other government

expenditure is not considered.

Also, it can be argued that public infrastructure investment is mainly needed to increase social
welfare of citizens or creating a balance in areas which are most needed while at the same time it
encourages private sector to invest and hence contributes to the economy. Therefore, public
investment may be viewed as a catalyst for attracting the private investment. The analysis of
infrastructure spending in Australia further confirms the increased share of private infrastructure
spending after the implementation of a series of infrastructure reforms in mid-1980s to early

1990s, highlighting the role of private sector in economic growth in Australia.

2.5 Infrastructure-Economy Linkages: A GDP Model

In this Section two major analysis are done. First, infrastructure-economy linkages are identified
for the infrastructures of interest (IOI) in the Australian context; and second, a GDP model based
on public and private investments in water, electricity, oil, gas, coal, and pipeline infrastructure
is developed and its results are discussed. The outcomes will provide insights into the nature of

infrastructure linkages useful for policy development and decisions.

Data and analysis method
The data was obtained from the Australian Bureau of Statistics (ABS), the Australian Treasury
Department, OECD and IEA database for investments in water, electricity, gas, oil, and pipelines

for both public and private Sectors from 1960 to 2017. The ABS data provides aggregated
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investment figure for gas, coal and oil. Also, because of the relatively low amount of investments
in pipelines in comparison to other infrastructures, pipelines investment was added to the
aggregate gas, coal and oil. The historical trends were determined over the latter period, however
quantitative analysis of infrastructure investment data, at aggregated level for each infrastructure
as well as their cross relationships, was carried out for the first quarter of 1998 to the last quarter
of 2008. This timeframe encompasses a period economic stability followed by the global
economic downturn in mid-2008, and also is a period for which a complete set of reliable proxy

infrastructure data, and price indices were available for the infrastructures of interest.

The cross-relationships were investigated between each infrastructure (total private and public
investment) and GDP, between private and public investment within same infrastructure, between
one infrastructure and the other, and among all infrastructure types including the investment year
and the GDP. The investment data for each infrastructure type was checked for normality and if

required normalized for the analysis purposes.

To determine the impact of infrastructure investment on economic growth, the production or the
cost functions were not used because of detailed processes being out of the scope of this research.
Also, investigating other parameters such as the effects of fiscal constraints on infrastructure
investment, at this stage of study is not of concern. Therefore, econometric analysis such as Auto
Regression on investment data over 11 years and then linear regression were employed. The
purpose of choosing these methods is to demonstrate the correlations between infrastructure and
GDP, for which available literature has not provided much empirical analysis. This analysis
provides insights into the nature of linkages, and also, the ability to predict future estimates
through alternative regression formulations. This information will also assist public and private
investors to make informed investment decisions by knowing the investment linkages between
various infrastructure and economy. Linear regression was used based on the positive outcome
of the normality test for the variables; the constant spread of data showing similar standard error
across the range; the assumption that one year investment is independent of the previous year’s

investment; and the behaviour of data showing a positive relationship between the two variables.

To model GDP by investment in water, electricity, oil, gas, and pipeline by both private and public
Sectors, multiple regressions were used for fitting the full model including all variables and the
investment years. The null hypothesis for the model is constructed as: there is no relationship
between investment and GDP. The reduced regression techniques were then used to prove or to

reject this hypothesis utilizing the results obtained from the multiple regression techniques.

The final model was constructed for the period 1998 to 2008 for which all required data were
accessible. The model tested for accuracy and results compared with the actual investment and

GDP values reported by the Australian Bureau of Statistics.
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Analysis and results

It is noteworthy that the social consequences of infrastructure investment are difficult to measure
because of the unavailability of related data. Therefore, financial aspects of public infrastructure
investment alone are analysed, however at the overall investment level for each infrastructure.
The investment data at upstream, transport and downstream levels are not available at the time of

writing this thesis.
The results of normality check for infrastructure of interest (IOI) is shown in Table 2.3, below.

Table 2.3: Results of normality and transformation - 101

Variable E(?:;;;:&Z TransfoI:)nr?rtl;cin if not Variable used for Modelling
Water Pvt No 1/Water_Pvt 1/Water_Pvt

Elec Pvt Yes Elec Pvt

Oil_Pwvt Yes Oil_Pvt

Water Pub No 1/Water Pub 1/Water Pub

Elec_Pub Yes Elec_Pub

Oil_Pub No 1/0il_Pub 1/0il_Pub

Water Tot No 1/Water_Tot 1/Water_Tot

Elec Tot Yes Elec Tot

Oil Tot Yes Oil_Tot

Source: This author’s analysis based on the GDP model developed in this research.

For the private water investments (Water Pvt), p-value is < 0.05 (= 0.045), suggesting that the
assumption of normality for variable “Water Pvt” is not acceptable. So, this variable was
transformed to achieve normality using Box-Cox Transformation. Hence, this variable was
transformed to “1/Water Pvt” for analysis purposes and subsequently its new p-value was
calculated (p-value > 0.05 (= 0.159) proving that the assumption of normality for variable
“1/Water_Pvt” is acceptable. Therefore variable “1/Water Pvt” thereafter used in all analysis
instead of “Water Pvt”. Likewise normalisation and transformation for gas, coal, oil and pipeline
infrastructure investment (hereafter referred to as “Oil_Pub” suggested a new variable called

“1/0il_Pub” for analysis purposes.

Other variables were tested for normality and transformation, and the results shown in Table 2.4.

Subsequently the correlation coefficient for variable infrastructure and GDP was calculated.

Linkages of infrastructure investments with Australian GDP
Regression analysis was done for the GDP vs investments for various infrastructures for both

public and private sectors, results of which are summarised in Table 2.5.

There are strong positive relationship between GDP and the 101, except for public investment in
oil (Oil Public). The Australian governments do not invest in highly capital intensive oil, gas and
coal infrastructure because of high risk involved in exploration and production; they prefers to

administer and regulate these industries to protect the interests of current and future generations.
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Table 2.4: Correlation coefficients for GDP and the 101

. . Correlation Strength of Direction of
Variablel Variable2 R-Sq Coefficient Correlation Correlation
GDP Elec Pvt 0.829 0.910 Significant Positive
- Correlation
GDP Oil_Pvt 0.879 0.938 Significant Positive
- Correlation
GDP 1/Water Pvt 0.801 20.895 Significant Negative
Correlation
GDP 1/Water_Pub 0.831 -0.912 Significant Negative
- Correlation
GDP Elec_Pub 0.956 0.978 Significant Positive
- Correlation
GDP 1/0il_Pub* 0 0.000 No Correlation
GDP 1/Water_Tot 0.854 -0.924 Significant Negative
- Correlation
GDP Elec_Tot 0.941 0.970 Significant Positive
— Correlation
GDP Oil_Tot 0.868 0.932 Significant Positive
- Correlation
1/Water Pvt 1/Water Pub 0.822 0.907 Significant Positive
Correlation
Elec Pyt Elec Pub 0.839 0.916 Significant Positive
— - Correlation
Oil_Pvt 1/0il_Pub 0.053 -0.230 No Correlation
1/Water_Pvt Elec Pvt 0.69 -0.831 Slgnlﬁcgnt Negative
- - Correlation
Oil_Pvt Elec_Pvt 0.65 0.806 Significant Positive
- - Correlation
1/Water Pvt Oil Pvt 0.698 -0.835 Significant Negative
— - Correlation
1/Water Pub Elec Pub 0.804 -0.897 Slgmﬁcz.mt Negative
— — Correlation
1/0il_Pub Elec_Pub 0.037 -0.192 No Correlation
1/0il_Pub 1/Water Pub 0.002 0.045 No Correlation
Elec Pvt 1/Water Pub 0.881 0.939 Significant Negative
- - Correlation
Oil Pyt |/Water Pub 0.721 0.849 Significant Negative
Correlation
Oil Pvt Elec_Pub 0.916 0.957 Significant Positive
— - Correlation
1/Water Pvt 1/0il_Pub 0 0.000 No Correlation
Elec Pvt 1/0il_Pub 0.005 0.071 No Correlation

* “0il” refers to Gas, Coal, Oil and Pipelines infrastructure.

Source: This author’s analysis based on the GDP model developed in this research.

Table 2.5, shows the average increase in GDP as a result of one unit investment in each

infrastructure. For example:

GDP vs ElecPvt: there is a very strong positive relationship between GDP and electricity
investment by private sector. For every unit investment in electricity by the private sector, GDP

increases by 211 units on average; or
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GDP vs OilPvt: There is a significant positive relationship between GDP and investment in oil,
gas, coal and pipeline by private sector. For every unit investment in oil, gas, coal and pipeline

by private sector, GDP increased by 32.1 units on average.

Table 2.5: Linkages of 101 with the Australian economy (GDP)

Linkage Correlation
Infrastructure Linkages with GDP Str.o?g . I.l(?t Averag.e i.ncrease i GDP asa result of
positive |significant|  one unit investment in infrastructure
Electricty Pvt 4 211
Electricity Public 4 158
Electricity Total (Pvt and Public) 4 94.3
0Oil Pvt 4 321
0il Public X
0il Total (Pvt and Public) 4 31.3
Water Pvt v GDP = 1.22E+09 - 1.11E+14*(1/WaterPvt) |(Eq.2.1)
Water Public v GDP = 1.23E+09 - 3.03E+14*(1/WaterPub) [(Eq. 2.2)
Water Total (Pvt and Public) v GDP = 1.23E+09 - 4.26E+14*(1/WaterTot) |(Eq. 2.3)

Note: “Oil” refers to Gas, Coal, Oil and Pipelines infrastructure.
Source: This author’s analysis based on the GDP model developed in this research.

Similar interpretations apply to other IOI except for water, where the average increase in GDP is

estimated by relevant regression formulation as discussed below:

GDP vs WaterPvt: There is a strong positive relationship between GDP and investment in water
by private sector. For every unit investment in water by private sector, on average GDP increases
by the formula: GDP = 1.22E+09 - 1.11E+14*(1/WaterPvt). Similar interpretation applies for

public, and total investments in water.

Linkages of infrastructure investments with each other
Table 2.6 shows cross relationships of infrastructure investments among IOI. There are no
sign