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This report identifies the positive socio-economic impacts arising from greater agglomeration across the 

Australian regional landscape. To facilitate the analysis, an extensive literature survey was undertaken 

to understand the impacts of agglomeration across various international jurisdictions and identify a 

modelling framework that could be used in the Australian case. The literature survey found that the 

term ‘agglomeration’ has evolved over time and that the methods used by analysis to isolate and 

quantify agglomeration impacts are many and varied influenced predominantly by the availability of 

data concerning the region(s) under examination. 

 

This report itself: 

 

i. Outlines the results of the literature survey; 

ii. Provides a comprehensive list and evaluation of quantitative models used to measure 

agglomeration; 

iii. Applies a robust modelling framework to the Australian case; and 

iv. Outlines the data and data sources used to facilitate the quantitative modelling. 

 

The report concludes with a detailed scenario analysis isolating and quantifying the impacts of 

marginal effects of changes in workforce density on economic activity as proxied by gross regional 

product. It should be noted that the motivation behind the scenario analysis is not to examine the impact 

of population on economic activity but rather to compare the economic impacts as they manifest 

between regional and metro areas. The key elements of the analysis and the associated conclusions are 

summarised briefly below. 

 

We found that most definitions of agglomeration tend to accord with that of Glaeser (2010, p.1), who 

stated that the “benefits [of agglomeration] … come when firms and people [are] located near one 

another together in cities and industrial clusters”. Most quantitative analyses use ‘workforce density’ as 

a measure of agglomeration. This is defined as the number of workers in a defined geographical area. 

 

Drawing on ABS local government area (LGA) data over the period 2011 to 2015, our econometric 

analysis indicates that an increase in agglomeration (i.e., workforce density) has a small but positive 

effect on economic growth. This means that the negative externalities traditionally associated with 

agglomeration (e.g., congestion and rising housing prices) do not appear to outweigh the positive 

effects that agglomeration has on economic growth. The key finding is reported in the figure below, 

which plots relationship between gross regional product (used to measure regional economic growth) 

and workforce density (used to measure agglomeration). The following key points are worth noting: 

 

 The effects of agglomeration are small but positive; and 

 Diminishing marginal returns begin to ‘set in’ at a workforce density level of around 500 

workers per square kilometre. 

EXECUTIVE SUMMARY 

AGGLOMERATION ANALYSIS – KEY FINDINGS 
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Working population 

 

To shed further light on the above agglomeration results from our econometric model, a policy analysis 

was undertaken. The key result from the policy analysis highlighted that: 

 

 Agglomeration has a far greater impact on regional economic growth compared to 

metropolitan areas. 

 

The figure below summarises the key findings when the workforce density is increase by 100 people. 

 

 

Estimated impact on GRP change from a 100-person increase in workforce 

POLICY ANALYSIS – KEY FINDINGS 



 

SETTLEMENT PATTERNS: ECONOMETRIC ANALYSIS   4 / 59 

 

The above results suggests that a 100-person increase in workforce density (i.e., agglomeration) will 

contribute the greatest amount to the change in gross regional product or GRP for regional WA and 

QLD. For example, an addition of 100 skilled workers to the population of regional WA is estimated to 

lead, on average, to a 0.00029 increase in the rate of GRP growth (all else held constant). This result is 

consistent with the findings regarding agglomeration impacts as outlined by numerous studies 

undertaken across Europe, Asia and other parts of the world. 

 

Our policy analysis also predicts that an increase in investment will have a positive impact on economic 

growth. The figure below shows the estimated effect of increasing investment in metropolitan and 

regional areas under the model by 2% and 5% and its associated impact on economic growth. 

 

 

Investment Scenario 

While the model predicts that investment in regional and metropolitan areas will result in comparable 

economic growth, its associated impact is substantial. It also signals that additional regional investment 

could be used to divert high population concentrations from metropolitan Sydney, Melbourne, Brisbane, 

and Perth to regional Australia. 

 

In the chart above, the ‘observed’ component represents the current estimated impact on the rate of 

change in economic activity (GRP). As an example of how to interpret the above results, the figure 

indicates that a 1% increase in the investment rate of growth in SA is estimated to on average increase 

the rate of economic growth by just under 0.035. The 2% and 5% series visualise the resulting impact 

on the rate of economic growth if investment was to be increased by those percentages, respectively. 

In summary, the key findings from this study are: 

 The effects of agglomeration on economic growth are comparatively larger on regional areas 

compared to metropolitan areas; and 

 The effect of investment on regional economic growth is substantial. 

 

In conclusion, regionally based infrastructure projects could improve links to regional centres and drive 

positive economic outcomes.   

SUMMARY 
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The objective of this report was to isolate and quantify the impact of agglomeration and the associated 

benefits and costs of a more decentralised urban settlement pattern in Australia. 

 

The report is divided into the following sections: 

 Section 2 provides an overview of the relevant literature on agglomeration. 

 Section 3 provides an overview of the data source and summary statistics. 

 Section 4 outlines the econometric framework used to measure the effects of agglomeration 

and diseconomies. 

 Section 5 presents the econometric results for agglomeration and diseconomies. 

 Section 6 outlines the econometric framework and results relating to the human capital analysis. 

 Section 7 presents the results from the policy analysis. 

 

 

 

In this section, the relevant literature on agglomeration and human capital is reviewed. More 

specifically, the literature review covers: 

 Defining agglomeration. 

 Evidence in support of agglomeration. 

 Measuring agglomeration. 

 Differences in agglomeration effects in regional and urban centres. 

 The interplay between agglomeration and human capital. 

 

A summary of the literature is also provided in tabular form in Appendix 1. 

 

The term agglomeration refers to the benefits, which flow to economies (regional, state, and national) 

because of firms and population (including the labour force) co-locating in defined geographic areas to 

create a ‘density’ of economic activity. 

 

Glaeser (2010) defines agglomeration as the “benefits that come when firms and people located near 

one another together in cities and industrial clusters” (Glaeser 2010, p. 1). Chatterjee (2003, p. 6) 

considers the “concentration of workers and businesses in one location” to more adequately define 

agglomeration thus pursuing a more practical and testable definition stating that lower production costs 

and proximity of workers to businesses leads to the realisation of positive economic and financial 

benefits. According to Glaeser (2010), the benefits of agglomeration materialise largely due to 

savings in transportation costs and that agglomeration should become less important as transportation 

1. INTRODUCTION 

1.2 REPORT STRUCTURE 

2. LITERATURE REVIEW 

2.1 DEFINING AGGLOMERATION 
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costs decrease.1 Glaeser shows that industrial agglomeration remains remarkably vital, despite the 

ever-easier movement of goods and knowledge across space and time. The author provides a list of 

examples such as the declining transportation costs on trade between China, India, and the rest of the 

world stating that within those countries, development has centred in urban areas. 

 

Glaeser (2010) also notes that as urbanisation continues to increase across the word, half of the world’s 

population will live in cities. He also argues that megacities have become the “gateways between those 

developing countries and the developed world” (Glaeser 2010, p.1). Within the richer nations of the 

West, many cities like New York and London have experienced substantial population and economic 

growth since the 1970s. According to Glaeser (2010), wages, population, and especially housing prices 

in many densely population urban centres will continue to experience strong growth. 

 

Duranton and Kerr (2015) contend that the empirical literature has been slower to develop compared 

with advances in the underlying theory of agglomeration. According to the authors, early research into 

agglomeration economies focused on measuring the wage premiums paid to urban workers, which has 

been made possible with the availability of person-level data collected through population censuses. 

While these studies and associated data could support the existence of agglomeration economies, they 

were inadequate – according to Danton and Kerr (2015) – for isolating the mechanisms through which 

agglomeration economies manifest and, in turn, how they shape economic and social behaviours. 

 

Beltran et al. (2016, p.1) emphasise the “benefits that come when firms and people locate near one 

another” by focusing on the impact of population density. The following table, from their study, shows 

the relationship between gross domestic product (GDP) and population. The country under examination 

is Spain. 

 

Table 2.1: Spanish Real GDP, population and per capita GDP growth, 1850-2000 

Period GDP Population Per capita GDP 

1850-1883 1.8 0.4 1.4 

1884-1920 1.3 0.6 0.7 

1921-1929 3.8 1.0 2.8 

1930-1952 0.8 0.9 0.0 

1953-1958 4.7 0.8 3.9 

1959-1974 6.9 1.1 5.8 

1975-1986 2.5 0.7 1.8 

1986-2000 3.5 0.2 3.3 

 

The period of study (1850-2000) selected by the authors, covers the long-run economic development in 

Spain. According to the authors, the Spanish economy underwent substantial structural transformation 

that turned a predominantly agricultural society into a modern economy by the late 20th century. In 

                                                 
1 The author adopts a broad interpretation of transportation costs and includes the difficulties in exchanging 
goods, people, and ideas. 

2.2 EVIDENCE FOR AGGLOMERATION 



 

SETTLEMENT PATTERNS: ECONOMETRIC ANALYSIS   9 / 59 

particular, labour shifted away from agriculture to industry and services, and income per capita 

increased accordingly. 

 

Beltran et al. (2016) conclude that the expansion of the rail network led to the development and 

expansion of the domestic market in Spain. The first line was finished in 1848, covering the 28 

kilometres that separated Barcelona and Mataró. By 1866, the railway linked up Spain’s main 

economic centres and, by 1901, all the provincial capitals were connected to the railway. Around the 

same time, the railway network covered a distance of 10,827 kilometres and the country’s 

infrastructure stock as a share of GDP rose from 4.27% in 1850 to 27.2% in 1900. This is consistent 

with the earlier view posed by Glaeser (2010). Furthermore, improvements in transportation led to a 

fall in costs, the rise in manufacturing industries, and consolidation of the domestic market. 

 

However, Quigley (2013) has called into question the importance of transportation costs as a 

mechanism for how agglomeration manifests. On this note, Quigley (2013, p.31) contends that: 

 

“. . . if transport costs and internal scale economies were the only economic rationale for 

cities, the effects of urbanization upon economic growth more generally would be quite 

limited. The economic importance of cities would be strictly determined by the 

technologies available for transport and production”. 

 

The author concludes that external effects, spill overs, and external economies of scale are the 

foundations upon which metropolitan regions continue to grow. In defining external effects Quigley 

(2013, p.32) states that: 

 

“. . . these external effects can be characterized along a variety of dimensions, and 

there are many taxonomies. One useful taxonomy distinguishes among productivity 

gains arising from specialization, those arising from transactions costs and 

complementarities in production, more generally from education, knowledge and 

mimicking, and those arising simply from the proximity to large numbers of other 

economic actors”. 

 

In their study, Agglomeration Economies and Labour Productivity: Evidence from Longitudinal Worker 

Data for GB’s Travel-to-Work Areas, Melo and Graham (2009) present data showing that a 100,000 

increase in the number of jobs within a five kilometre radius raises hourly wages by approximately 

1.19%, however, this effect falls sharply thereafter. For example, if the increase in the number of jobs 

occurs 10 kilometres away, the associated increase in hourly wages is 0.38%. The evidence of the 

effect of agglomeration economies on wages is summarised in Table 2.2. 
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Table 2.2: Evidence of the effect of agglomeration economies on wages (Melo and Graham, 2009) 

Authors Measure of 

agglomeration 

Country Spatial unit Industry Estimates 

Lewis and Prescott 

(1974) 

Employment USA SMSA M β =9.4% 

Sveikauskas 

(1975) 

Population USA SMSA M ε =1.2-8.6% 

Segal (1976) Population USA SMSA E β =8% 

Fogarty and 

Garofalo (1978) 

Population USA SMSA E β =9.93%;β =9.24% 

Moomaw (1981) Population USA SMSA M;E ε =5.98%;2.68% 

Diamond and 

Simon (1990) 

Population USA Cities M/NM β =0.6-2.0% 

Carlino and Voith 

(1992) 

Share 

population in 

metropolitan 

area 

USA States E β =0.22-1.68% 

De Lucio et al. 

(1996) 

Population Spain Provinces M β =0.09 

      

Adserà (2000) MSA 

population 

USA States M;F;ND;D;E β =1.6% 

Graham (2000) Inside - 

employment 

UK Counties M ε =76.4%;37.8% 

Authors Measure of 

agglomeration 

Country Spatial unit Industry Estimates 

Tabuchi and 

Yoshida (2000) 

Population of 

SMEA 

Japan Cities E ε =-7%;-12% for 

real wages; ε =10% 

for nominal wages 

      

Wheeler (2001) Population USA SMSA E ε =2.7% 

Glaeser and 

Mare (2001) 

Dense 

metropolitan 

city 

(>500,000) vs. 

rural 

USA SMSA E β =2.6-28.2% 

Costa and Kahn 

(2001) 

Metropolitan 

area size 

USA SMSA E ε =-0.2-9.1% 

Wheaton and 

Lewis (2002) 

Industry emp. 

specialisation 

(% SMA emp.) 

USA SMSA M ε =2.78% 

Fingleton (2003) Employment 

density 

GB LAUD E ε =1.58-1.76% 
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Mion and 

Naticchioni (2005) 

Employment 

density 

Italy Provinces E ε :0.22% 

Rosenthal and 

Strange (2008) 

Employment in 

concentric 

distance rings 

from place of 

work 

USA Distance 

rings from 

WPUMA 

E ε =4.5% 

Yankow (2006) Population size 

(big city vs. 

non-urban) 

USA SMSA E β =-1.6-22% 

Wheeler (2006) Population size USA Labour 

markets 

(MA/NMC) 

E ε =0.002pp (from 

+1%) 

Fingleton (2006) Employment 

density 

GB LAUD E ε =1.4-4.9% 

Rice et al. (2006) Economic mass GB NUTS3 E(NA) ε =4.96% 

Di Addario and 

Patacchini (2007) 

Population size Italy Local 

labour 

markets 

E β =0.1% 

Combes et al. 

(2008a) 

Employment 

density 

France Employment 

areas 

E ε =3.0% 

Graham and Kim 

(2007) 

Effective 

density 

(straight-line 

distance) 

UK Wards M:S ε =0.84%;ε =3.97% 

Combes et al. 

(2008b) 

Employment 

density 

France Employment 

areas 

E ε =2-4% 

Notes: ε: elasticity, β: proportionate change, pp: percentage point; E: Whole economy, M: Manufacturing, 

S: Services, ND: Non-durable goods, D: Durable goods, F: Financial services; NM: Non-manufacturing; 
LAUD: Local Authority Districts, MA/NMC: Metropolitan Areas/Non-Metropolitan Counties, WPUMA: 
Work Public Use Micro Area, SMEA: Standard Metropolitan Employment Area; SMSA: Standard 
Metropolitan Statistical Area. 

 

According to the Melo and Graham (2009), the evidence presented in Table 2.2 suggests a localised 

geographic scope of agglomeration. The authors further conclude that geographic scope of 

agglomeration can differ depending on which particular mechanism is considered. For example, studies 

that focus on the examination of knowledge spill overs and human capital tend to arrive at similar 

conclusions on a very short geographic scope. In contrast, studies attempting to isolate and quantify the 

impact of input sharing linkages (on agglomeration) find that the geographic scope for these 

interactions is much wider as the input-output linkages cover a wider spectrum of the economy. The 

authors conclude that there is not enough evidence on each mechanism to draw definitive conclusions. 
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Studies focussing on Australia have found the existence of labour productivity gains across various 

industries due to the presence of agglomeration (Trubka 2011). In addition, most Statistical Area Level 

3 (SA3) areas in Australia – except for several dense urban centres in Melbourne and Sydney – are 

operating below their optimal productivity and are not receiving the full benefit of agglomeration 

economies (Jamaldeen 2015). 

 

Tapia and colleagues (2018) maintain that agglomeration economies are stronger in medium-size 

districts as congestion costs begin to mitigate the benefits of agglomeration economies in larger 

locations. The authors employ district population data in Spain between 1860 and 1991 to examine 

whether the initial population size influences population growth. They use a log-linear regression model, 

where the estimated coefficients can be interpreted as elasticities: 

 

∆𝑦𝑖 = 𝛼 + 𝛽𝑦𝑖 + 𝑥𝑖
′𝛾 + 𝜀𝑖 

where: 

 ∆𝑦𝑖 is the logarithmic growth rate of the district population between two censuses; and 

 𝑥𝑖
′ is a vector of control variables taking into account geographic, climatic and geological 

features of each district. 

 

Alfaro and Chen (2016) conclude that location fundamentals including market access and comparative 

advantage and agglomeration economies including capital-good market externality and technology 

diffusion play a particularly important role in multinationals economic geography. The authors use 43 

million records pertaining to public and private organisations (including latitudes and longitudes of 

plant locations). Similar to Tapia et al. (2018) they also estimate a regression with the following 

specification: 

 

𝑎𝑔𝑔𝑙𝑜𝑚𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝜅�̃�(𝑇)
= 𝛼𝜅 + 𝛽1𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙𝑠𝜅�̃� + 𝛽2𝐼𝑂𝑙𝑖𝑛𝑘𝑎𝑔𝑒𝜅�̃� + 𝛽3𝑙𝑎𝑏𝑜𝑟𝜅�̃� + 𝛽4𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑔𝑜𝑜𝑑𝜅�̃�

+ 𝛽5𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦𝜅�̃� + 𝜀𝑖𝑗 

where: 

 𝑎𝑔𝑔𝑙𝑜𝑚𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝜅�̃�(𝑇) is the agglomeration index of industry pairs 𝜅 and �̃� threshold distance 

(𝑇) (relative to the counterfactuals); 

 (𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙𝑠𝜅�̃�) the agglomeration patterns predicted by MP location fundamentals; 

 (𝐼𝑂𝑙𝑖𝑛𝑘𝑎𝑔𝑒𝜅�̃�) proxies for agglomeration forces consisting of input-output linkages; 

 (𝑙𝑎𝑏𝑜𝑟𝜅�̃� and 𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑔𝑜𝑜𝑑𝜅�̃�) labor and capital good market similarities; and 

 (𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦𝜅�̃�) technology diffusion. 

 

Bosma and Oort (2012) argue that human capital, innovation and entrepreneurship are drivers of 

regional economic performance with an impact of agglomeration economies. They use the NUTS3 and 

NUTS2 (Classification of Territorial Units for Statistics) regional data available from EuroStat to test 

their hypothesis. The following variables are used to estimate changes in regional productivity: output 

produced on an acre of land; employment and physical capital; value added at the regional level; the 

2.3 MEASURING AGGLOMERATION 
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acreage of the region in square kilometres; average level of human capital (including a measure of 

specialisation/diversity); and entrepreneurship and invention. 

 

Bosker (2007) argues that denser regions tend to grow slower than others do, indicating a negative 

effect of agglomeration. However, the author concluded that being closely located to other growing 

regions tended to stimulate growth within a given region. Bosker (2007) estimated the following model: 

 

∆𝛾𝑖𝑡,𝑡−𝑘 = 𝛼𝑖 + 𝛾𝑡 + 𝛽1𝛾𝑖𝑡−𝑘 + 𝛽2𝑖𝑛𝑣𝑖𝑡,𝑡−𝑘 + 𝛽3∆𝑝𝑜𝑝𝑖𝑡,𝑡−𝑘 + 𝜀𝑖𝑡 

where: 

 𝛾 is the log of GDP per capita; 

 𝑖𝑛𝑣𝑡,𝑡−𝑘 is the log of average investment rate over the period 𝑡 − 𝑘 to 𝑡; 

 ∆𝑝𝑜𝑝𝑡,𝑡−𝑘 is the average of the population growth over the period 𝑡 − 𝑘 to 𝑡; 

 𝑎𝑖 represents the fixed effect for region I; and 

 𝜖~𝑁(0, 𝜎2𝐼) is the error term. 

 

The above model forms the cornerstone upon which our subsequent econometric models developed. 

There are two key reasons for this. In the first place, the model directly isolates and quantifies the 

impact of agglomeration on income. Second, the data required to estimate this model (and its variants) 

are available in the Australian context. 

 

The existing literature has made a strong finding that agglomeration has different impacts on regions 

of different sizes. For example, Bosma and Oort (2012) found that human capital, innovation and 

entrepreneurship are more closely associated in regions with large (at least 

3 million people) and medium (between 1.5 and 3 million people) sized cities. In addition, Glaeser and 

Mare (2001) have found that earnings in dense urban areas could be up to 28% greater than non-

urban areas. Yankow (2006) who estimates the difference to be as large as 22% has made a similar 

finding. 

 

Focussing on smaller economies, Mukkala (2004) assesses the role of geographical concentration and 

agglomeration in regional areas. The author poses the following question: “is it more important to 

support regional specialization or diversification?” The emergence of agglomeration effects is analysed 

at the regional level rather than at the level of individual firms. The data set employed by the author 

consists of Finland’s 83 mainland sub-regions, which are close approximations to commuting areas, and 

three manufacturing sub-sectors. The key finding is that smaller regions can maximise their economic 

performance by pursuing a strategy of localisation (agglomeration within an industry) over 

diversification (agglomeration across industries). This ‘localisation strategy’ provides an alternative path 

to achieving the benefits of agglomeration even though the region may not have the resources to 

extend economic activity and diversify its production structure. 

 

Researchers examining different national contexts have made similar findings. For example, Henderson 

(1986) analyses data from Brazil and the United States to measure the effect of agglomeration in the 

respective manufacturing sectors. The author finds that localisation (agglomeration within an industry) 

2.4 IMPACT OF AGGLOMERATION ON DIFFERENT SIZED REGIONS 
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had a larger impact than urbanisation (agglomeration across industries). This conclusion is based on the 

author’s empirical analysis that finds a strong correlation between industries that exhibit localisation 

economies and industries that cities tend to specialise in. In particular, the author finds that at least half 

of the 243 U.S. SMSA’s (statistical divisions), under examination, in 1970 could be classified as highly 

specialised in one manufacturing industry. 

 

It is important to note that alternative findings such as those by Sveikauskas (1975) have been made 

which suggests that the level of average industry labour productivity is 6% higher when the size of the 

city is doubled. However, the author correctly highlights the difficulty of inferring causality from the 

results. It is unclear whether the size of the city leads to greater productivity or whether, in fact, the 

reverse is true (i.e., higher rates of productivity are a function of the size of the city). 

 

Examining the effects of localisation, i.e. the level of industrial concentration within a defined 

geographic area, on total factor productivity in the US manufacturing sector, Gopinath et al. (2004) 

found an inverted ‘U-shaped’ relationship between productivity growth and localisation. Specifically, 

growth in localisation accounted for 10 per cent of the variation in productivity growth but the effect 

became negative if the growth rate exceeded 23 per cent. 

 

This is similar to findings made by Jamaldeen (2015) who examining the Australian context in 2004. In 

particular, the author found an inverted ‘U-shaped’ relationship between agglomeration and 

productivity-maximising peaks. However, the findings indicate that almost all SA3 level regions in 

Australia are operating below their peaks with the exception of a few highly urbanised centres in 

Melbourne and Sydney. 

 

Human capital refers to the value of the skills and abilities built up by investment processes in formal 

and informal education, learning on the job, learning by using new technologies, the accumulation of 

experiences and formal education. In the context of understanding the impact on agglomeration 

economies, it can be thought of achieving the right mix of skills required to optimise the increased 

density of industrial activity within a specific geographic area. 

 

The literature has identified a strong correlation between worker productivity and metropolitan area 

populations in cities with high skill levels (with the exception of lower skilled metropolitan areas in the 

United States). Glaeser and Resseger (2010) note that area population can explain 45 per cent of the 

variation in worker productivity. As human capital comprises the knowledge and skills which enable a 

worker to contribute to a firm’s production and earn a wage, it can be expanded by investment (formal 

education and experience gained by workers) which will increase the worker’s skill, and hence 

productivity. 

 

Rauch (1993) employs a regression model to measure the impact of human capital (as measured by 

educational attainment and work experience) on changes in productivity and wages. His study focuses 

on the Standard Metropolitan Statistical Areas (SMSA) in the United States. The author concludes that 

2.5 DEFINING AND MEASURING HUMAN CAPITAL 
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the average level of human capital is a local public good. Cities with higher average levels of human 

capital should therefore have higher wages and higher land rents. 

 

Suedekum (2006) leverages a Cobb-Douglas function to measure the impact of human capital (as 

measured by skilled employment levels) on total employment growth. The study uses local employment 

data from the German Federal Employment Agency. Employment is observed on the spatial scale of 

326 NUTS3 districts,2 which includes urban and rural areas. The author shows that a core–periphery 

structure can emerge in which the core is the more expensive area. This result provides evidence that 

higher costs of living suggest a falling real wages and, as such, it may not desirable for everybody to 

live in the core region. 

 

Finally, Heuermann et al. (2008) derives a production function in which changes in human capital (as 

measured by skilled and unskilled labour) are used to measure changes in productivity. The authors 

conclude that after controlling for the variety of confounding factors, a ‘true’ urban wage premium of 

between 5% and 10% exists for workers in areas of agglomeration. This urban wage premium is 

partly earned immediately upon moving and partly with time spent in the city. 

 

 

 

The purpose of this section is to present a brief overview of the data used in the subsequent 

econometric analysis. The preliminary analysis presented in this section is based on local government 

area (LGA) level data drawn from the Australian Bureau of Statistics (ABS), which covers the period 

2011 to 2015. Table 3.1 records the sources from which the data was obtained. 

 

With respect to Table 3.1, the following points are worth noting. In this first place, it enables the 

estimation of models similar to those developed by previous authors discussed in the literature review. 

Second, it provides a deep enough level of granularity to observe the effects of agglomeration. As 

pointed out by previous Australian studies (e.g., Trubka 2011) this is a key limitation, as publicly 

available data suited to agglomeration analysis is only available at a higher level of geographic 

aggregation than is typically used. The data sources recorded in Table 3.1 robustly balance these 

issues. 

 

  

                                                 
2 Nomenclature of territorial units for statistics 3 (NUTS3) standard was develop by the European Union 
for analysis of small regional areas. 

3. PRELIMINARY DATA ANALYSIS 
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Table 3.1: Available datasets 

Variable Years Source 

Estimated Resident 

Population (ERP) 

1996 – 2017 (All) Australian Bureau of Statistics - 1410.0 - 

Data by Region, 2012-17 (Past and 

Future Releases) 

LGA Size (𝑘𝑚2) 2015 and 2017 As above 

Population Forecasts 2021, 2026, 2031 and 

2036 (Note: Not all years 

for all LGA’s) 

As above 

Total Income 2011 - 2015 (All Years) As above 

Total Investment Income 2011 - 2015 (All Years) As above 

Population Density (ERP/ 

LGA Size) 

 1996 - 2017 As above 

Population Density Forecasts 

(Forecasted ERP/ LGA Size) 

2021, 2026, 2031 and 

2036 (Note: Not all years 

for all LGA’s) 

As above; 

State and Territory Governments 

Labour Force 2011 - 2016 As above 

Labour Force Density 

(Labour Force/ LGA Size) 

2011 - 2016 As above 

With Bachelor Degree (%) 2011 and 2016 As above 

With Postgraduate Degree 

(%) 

2011 and 2016 As above 

Variable Years Source 

Managers (%) 2011 and 2016 Australian Bureau of Statistics - 1410.0 - 

Data by Region, 2012-17 (Past and 

Future Releases) 

Professionals (%) 2011 and 2016 As above 

Technicians and trades 

workers (%) 

2011 and 2016 As above 

Community and personal 

service workers (%) 

2011 and 2016 As above 

Clerical and administrative 

workers (%)  

2011 and 2016 As above 

Sales workers (%) 2011 and 2016 As above 

Machinery operators and 

drivers (%) 

2011 and 2016 As above 

Labourers (%) 2011 and 2016 As above 

Did not go to school (%) 2011 and 2016 As above 
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The key variables used in our analysis are: 

 Gross regional product (GRP) (𝜸) at the LGA level. This is also referred to as total income and 

is used as a proxy for economic growth; 

 Investment income (𝒊𝒏𝒗) at the LGA level; 

 Population growth (𝜟𝒑𝒐𝒑) at the LGA level; and 

 Agglomeration (𝒂𝒈𝒈𝒍) at the LGA level. This is the log of the workforce density (i.e., LGA 

labour force/ LGA size (𝑘𝑚2)). 

 

Table 3.2 presents the state and territory averages for each key variable stratified by metropolitan 

and regional areas over the period from 2011 to 2015. It is important to note that all LGAs in the NT 

and TAS are classified as regional. 

 

Table 3.2: Means for key variables, 2011-2015 

LGA Type State GRP 

(𝜟𝜸) 

Investment 

(𝒊𝒏𝒗) 

Population 

(𝜟𝒑𝒐𝒑) 

Agglomeration 

(𝒂𝒈𝒈𝒍) 

Metropolitan NSW 0.042 0.072 0.017 6.495 

QLD 0.038 0.070 0.021 5.216 

SA 0.037 0.05 0.01 6.289 

VIC 0.036 0.052 0.02 6.421 

WA 0.053 0.067 0.021 6.22 

      

Regional NSW 0.037 0.039 0.005 0.636 

NT 0.061 0.181 0.016 3.957 

QLD 0.029 − 0.012 0.001 − 2.137 

SA 0.032 0.039 0.002 0.399 

TAS 0.036 0.023 0.001 1.516 

VIC 0.038 0.032 0.002 1.234 

WA 0.098 0.055 0.002 − 1.29 

 

The table above indicates that the greatest average change in GRP across the period occurred in 

regional WA (0.098). Additionally, average investment was positive in all States and Territories during 

the period except in regional QLD where average investment declined (-0.012). Contrastingly, 

investment on average increased by the greatest amount in the regional Northern Territory (0.181) 

which is nearly twice as much as the second largest increase which occurred in metropolitan NSW 

(0.072). The greatest average population increase over the period occurred in metropolitan QLD and 

WA (0.21) while the smallest increases were observed in regional Tasmania and Queensland (0.01). 

On average, the increase in agglomeration was greatest in metropolitan NSW (6.495), however 

agglomeration was negative on average in regional QLD (-2.137) and WA (-1.29). 

 

 

3.1 SUMMARY STATISTICS 
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The econometric methodology applied in this project will be used to estimate the potential economic 

benefits of: 

 Increased agglomeration economies in regional cities that experience higher population growth 

as a result of alternative settlement patterns; 

 Decreased diseconomies in major cities that experience lower population growth with a focus 

on expected impacts on house prices and congestion; and 

 An accelerated increase in human capital in regional cities that experience higher population 

growth because of alternative settlement patterns. 

 

This section provides an overview of the econometric framework used to isolate and quantify the 

impacts associated with agglomeration and diseconomies as well as human capital. 

 

The econometric formulation employed in this analysis is designed to measure the impact of 

agglomeration on economic growth. It follows the framework applied by Bosker (2007) that relies on 

the theoretical underpinnings set out by Mankiw et al. (1992) who, in their seminal work, specify a 

standard growth regression model. According to Bosker (2017), Mankiw et al. (1992) specifies the 

functional form of a growth equation following the neoclassical growth model developed by Solow 

(1956) and Swan (1956). The Solow-Swan model of economic growth is well known. It relates 

population growth with capital accumulation and technological improvement as the main determinants 

of (short-run) economic growth. Mankiw et al. (1992) show that the following equation can be derived 

from this type of model: 

 

∆𝛾𝑡,𝑡−𝑘 = 𝛼 + 𝛽1𝛾𝑡−𝑘 + 𝛽2𝑖𝑛𝑣𝑡,𝑡−𝑘 + 𝛽3𝛥𝑝𝑜𝑝𝑡,𝑡−𝑘 + 𝜀 (1) 

 

In Equation (1) 𝛾 denotes the log of GDP per capita, 𝑖𝑛𝑣𝑡,𝑡−𝑘 is the log of the average investment rate 

over the period 𝑡 − 𝑘 to 𝑡, 𝛥𝑝𝑜𝑝𝑡,𝑡−𝑘 is the average of the population growth over the period 𝑡 − 𝑘 to 

𝑡, and 𝜀~𝑁(0, 𝜎2𝐼) is the error term. The sign of the coefficient for the investment ratio is expected to 

be positive, as it is a proxy for capital accumulation, which according to Bosker (2007) leads to positive 

economic growth. Conversely, the coefficient on population growth is expected to be negative as it 

leads to a slowdown in per capita GDP growth. The coefficient on ‘initial GDP per capita’ (i.e., 𝛾) 

measures the degree of convergence among the regions under examination. In particular, a negative 

sign implies that regions with a lower initial GDP per capita grow faster than those with a higher initial 

GDP per capita, thus confirming the convergence hypothesis. Conversely, if the coefficient is positive, 

this may indicate divergence, which is interpreted as wealthier regions growing at a greater pace than 

less wealthy regions. The econometric framework is based on employing panel data to control for time-

invariant region-specific effects. 

 

 

4. ECONOMETRIC METHODOLOGY 

4.1 AGGLOMERATION AND DISECONOMIES: AN ECONOMETRIC FRAMEWORK 
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Following Ciccone (2002) employment density is used to measure the level of economic agglomeration. 

Employment density is derived from regional data published by the ABS and is available for all 

regions and for all years in the period under consideration. It is important to note that agglomeration 

of economic activity and employment density do not necessary have a positive relationship. In other 

words, an increase in employment density may not necessarily lead to an increase in economic activity 

as proxied by GDP per capita. Having constructed the proxy for within-region agglomeration this is 

included in the growth regressions, which now becomes: 

 

∆𝛾𝑖𝑡,𝑡−5 = 𝛼𝑖 + 𝛾𝑡 + 𝛽1𝛾𝑖𝑡−5 + 𝛽2𝑖𝑛𝑣𝑖𝑡,𝑡−5 + 𝛽3𝛥𝑝𝑜𝑝𝑖𝑡,𝑡−5 + 𝛽4𝑎𝑔𝑔𝑙𝑖𝑡−5 + 𝜀𝑖𝑡 (2) 

 

In Equation (2) 𝑎𝑔𝑔𝑙𝑖𝑡−5 is the log of working population per square kilometre at the beginning of a 

specific 5-year period and the remaining variables are as per Equation (1). 

 

Human capital refers to the value of the skills and abilities built up by investment processes in formal 

and informal education and learning. Following the seminal work of Mincer (1974), the conventional 

human capital model is specified below: 

 

𝑊 = 𝛼 + 𝛽1𝐸 + 𝛽2𝐸𝑥𝑝+𝛽3𝐸𝑥𝑝2 + 𝜀 (3) 

 

In Equation (3) 𝑊 is the log of income, 𝐸 is the level of educational attainment, 𝐸𝑥𝑝 is a quadratic in 

work experience, and 𝜀 is an error term. In essence, the Mincer earnings function models wages as a 

function of education (i.e., years of schooling) and a quadratic in work experience. The quadratic in 

work experience indicates the earnings will following an inverted ‘U-shape’ as individual earnings tends 

rise sharply at the beginning of an individual’s working life, plateaus in the middle, and begins to 

decline towards the end. The key coefficient of interest is 𝛽1, which provides an estimate of the returns 

to education. 

 

 

 

The charts below (Figures 5.1 to 5.4) show the changes in the growth rates of the variables under 

examination – GRP, investment, population and workforce density – between 2012 and 2015. Note, 

the darker shades indicate regions of comparably higher density (in terms of population and workforce 

per square kilometre) and economic activity. The vertical and horizontal axes represent longitude and 

latitude, respectively. A table of workforce densities by LGA is at Appendix 2. 

 

  

4.2 WITHIN-REGION AGGLOMERATION AND GROWTH 

4.3 HUMAN CAPITAL: ECONOMETRIC FRAMEWORK 

5. RESULTS – MEASURING AGGLOMERATION 
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Figure 5.1: Macroeconomic variables, 2012 
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Figure 5.2: Macroeconomic variables, 2013 
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Figure 5.3: Macroeconomic variables, 2014 
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Figure 5.4: Macroeconomic variables, 2015 

 

Following Bosker (2007), we let 𝛾𝑖,𝑡 refer to the log of GRP per capita for region 𝑖 at time 𝑡, then: 

 

∆𝛾𝑖,𝑡 = 𝛽0 + 𝛽1𝛾𝑡−1 + 𝛽2𝑖𝑛𝑣𝑖,𝑡 + 𝛽3𝛥𝑝𝑜𝑝𝑖,𝑡 + 𝜀𝑖,𝑡 

where: 

 𝑖𝑛𝑣𝑖,𝑡 refers to the log rate of investment; 

 𝑝𝑜𝑝𝑖,𝑡 refers to the population at the LGA level; and 

 𝜀𝑖,𝑡 is normally distributed, with a variance of 𝜎2. 

 

The results from the standard grow regression are reported in Table 5.1. Only population growth 

(𝛥𝑝𝑜𝑝) is statistically significant at the 1% level. In essence, a higher population growth results in a 

5.1 ECONOMETRIC MODEL – ‘STANDARD’ GROWTH REGRESSION 
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lower GRP per capita growth rate (in the context of our model). It is important to note however, that it 

does not follow that population is negatively correlated with economic activity. Within the context of 

our model, population plays a very important role because it drives work force density. According to 

the ABS forecasts, the age cohorts growing the fastest are those defined as 60 years of age and 

above. This cohort is growing faster than the working age population defined as 16-64 years of age. It 

is reasonable to assume that an ageing population will introduce economic requirements that do not 

produce commensurate impacts on economic activity compared with a growing working age population. 

 

Table 5.1: Standard growth regression results 

Variable Coefficient SE z-value p-value 2.5% CI 97.5% CI 

CONSTANT 0.11 0.08 1.40 0.16 -0.05 0.27 

𝛾𝑡−1 -0.01 0.01 -0.77 0.44 -0.02 0.01 

𝑖𝑛𝑣 0.05 0.03 1.82 0.07 -0.00 0.10 

𝛥𝑝𝑜𝑝 -0.52 0.18 -2.99 0.00 -0.87 -0.18 

 

To account for regional effects we included dummy variables for each state and territory. Only WA 

was found to be statistically significant. Once WA was included in the regression model, the initial level 

of GRP (𝛾𝑡−1) became statistically significant. Table 5.2 presents the results from the regional effects 

regression model. 

 

Table 5.2: Regional effects regression model 

Variable Coefficient SE z-value p-value 2.5% CI 97.5% CI 

CONSTANT 0.27 0.09 3.21 0.00 0.11 0.44 

WA 0.06 0.01 9.26 0.00 0.04 0.07 

𝛾𝑡−1 -0.02 0.01 -2.79 0.01 -0.0 -0.01 

𝑖𝑛𝑣 0.04 0.02 1.79 0.07 -0.00 0.09 

𝛥𝑝𝑜𝑝 -0.41 0.16 -2.57 0.01 -0.74 -0.10 

 

The regional effects model was expanded to include agglomeration (𝑎𝑔𝑔𝑙), which is defined as the 

log of the working population per square kilometre at the beginning of the period. The results from this 

regression model are reported in Table 5.3. All variables – with the exception of investment growth – 

are statistically significant at the 1% level. The effect of population growth is noteworthy. On average, 

the results suggest that denser regions grow more quickly than those regions that are relatively less 

agglomerated. Negative externalities that are typically associated with agglomeration (i.e., congestion 

and higher housing prices) do not appear to outweigh the positive effects that agglomeration has on 

economic growth in this case. 

 

 

5.2 ECONOMETRIC MODEL – REGIONAL EFFECTS 

5.3 ECONOMETRIC MODEL – AGGLOMERATION 
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Table 5.3: Regional effects regression model with agglomeration included 

Variable Coefficient SE z-value p-value 2.5% CI 97.5% CI 

CONSTANT 0.384 0.098 3.918 0.000 0.192 0.576 

WA 0.061 0.007 8.902 0.000 0.047 0.074 

𝛾𝑡−1 -0.035 0.010 -3.54 0.000 -0.054 -0.015 

𝑖𝑛𝑣 0.044 0.024 1.825 0.068 -0.003 0.090 

𝛥𝑝𝑜𝑝 -0.635 0.176 -3.611 0.000 -0.980 -0.290 

𝑎𝑔𝑔𝑙 0.002 0.001 2.559 0.010 0.001 0.004 

 

To ensure the robustness of our results, we controlled for the effects of spatial and temporal 

autocorrelation. All signs on the estimated coefficients are as expected and confirm our previous 

findings. These results are reported in Table 5.4. 

 

Table 5.4: Regional effects regression model with agglomeration (controlling for spatial and temporal 
auto-correlation) 

Variable Coefficient SE 2.5% CI 97.5% CI IF 

CONSTANT 0.456 0.237 0.126 0.887 1.04 

𝛾𝑡−1 -0.041 0.009 -0.059 -0.024 1.62 

𝑖𝑛𝑣 0.043 0.009 0.026 0.060 1.06 

𝛥𝑝𝑜𝑝 -0.573 0.157 -0.847 -0.243 0.90 

𝑎𝑔𝑔𝑙 0.003 0.001 0.001 0.004 0.99 

𝑊𝐴 0.064 0.007 0.052 0.076 1.37 

𝜎 0.087 0.002 0.083 0.089 1.36 

𝜙 0.506 0.282 0.053 0.981 1.02 

𝜅𝜙 163 157 2.35 461 3.79 

𝜌 0.95 0.291 0.050 0.995 1.04 

𝜅𝜌 14400 7730 333 27400 12.30 

 

To assess the validity of the logarithmic relationship that is assumed for agglomeration, we estimate a 

model that does not enforce a linear relationship between the log of the working population per 

square kilometre and the growth rate of GRP per capita. The estimated relationships from this analysis 

are presented in Figure 5.5. On balance, it appears that the original assumption is reasonable, and 

that the effect of diseconomies associated with an increasing work force density are present. That is, for 

a change of size (Δ) there will be a far larger increase in the growth rate of GRP per capita for a 

region with lower workforce density that one with higher work force density, all else held constant. To 

understand this effect, more formally in the case of the original assumption, the marginal effect is given 

by: 

5.4 ECONOMETRIC MODEL – SPATIAL AND TEMPORAL AUTOCORRELATION 

5.5 ECONOMETRIC MODEL – ALLOWING FOR NON-LINEAR RELATIONSHIPS 
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𝜕Δ𝛾𝑡

𝜕𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑠𝑞𝑢𝑎𝑟𝑒 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑟𝑒

=
1

𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑠𝑞𝑢𝑎𝑟𝑒 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑟𝑒
× (𝑎𝑔𝑔𝑙 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡). 

 

 
Figure 5.5: Working population and log of the working population 

 

It is important to note that while the model clearly displays that agglomeration effects are positive they 

also show that diminishing marginal returns ‘set in’ at a workforce density of around 500 people per 

square kilometre. 

 

Two additional econometric models were specified to examine the impact of the RAI ‘inner-outer-

regional’ classification dummy variable. The variable was included to determine whether the 

agglomeration effects differed by inner, outer and regional LGAs. The regional category was chosen 

as the excluded reference group. 

 

The first model is specified to include inner and outer as variables in the agglomeration model. The 

specification of this model is formally given below as: 

 

∆𝛾𝑖𝑡,𝑡−5 = 𝛼𝑖 + 𝛾𝑡 + 𝛽1𝛾𝑖𝑡−5 + 𝛽2𝑖𝑛𝑣𝑖𝑡,𝑡−5 + 𝛽3𝛥𝑝𝑜𝑝𝑖𝑡,𝑡−5 + 𝛽4𝑎𝑔𝑔𝑙𝑖𝑡−5 + 𝛽5𝑖𝑛𝑛𝑒𝑟𝑖𝑡 + 𝛽6𝑜𝑢𝑡𝑒𝑟𝑖𝑡

+ 𝜀𝑖𝑡 
where: 

 𝑖𝑛𝑛𝑒𝑟𝑖𝑡 indicates region 𝑖 belongs to the category 𝑖𝑛𝑛𝑒𝑟 at time 𝑡; and 

 𝑜𝑢𝑡𝑒𝑟𝑖𝑡 indicates region 𝑖 belongs to the category 𝑜𝑢𝑡𝑒𝑟 at time 𝑡. 

 

The results are presented in Table 5.5. 

 

  

5.6 ECONOMETRIC MODEL – INNER-OUTER-REGIONAL DUMMY INCLUSION 
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Table 5.5: Agglomeration with Inner-Outer-Regional dummy results 

Variable Coefficient SE z-value p-value 2.5% CI 97.5% CI 

CONSTANT 0.45 0.12 3.80 0.00 0.22 0.68 

WA 0.06 0.01 8.91 0.00 0.05 0.08 

𝛾𝑡−1 -0.04 0.01 -3.48 0.00 -0.06 -0.02 

𝑖𝑛𝑣 0.04 0.02 1.85 0.06 0.00 0.09 

𝛥𝑝𝑜𝑝 -0.64 0.18 -3.56 0.00 -0.99 -0.29 

𝑎𝑔𝑔𝑙 0.00 0.00 2.21 0.03 0.00 0.01 

𝑖𝑛𝑛𝑒𝑟 0.01 0.01 0.71 0.48 -0.01 0.02 

𝑜𝑢𝑡𝑒𝑟 0.00 0.00 -0.74 0.46 -0.01 0.01 

 

Table 5.5 indicates that neither 𝑖𝑛𝑛𝑒𝑟 or 𝑜𝑢𝑡𝑒𝑟 are statistically significant at the 5% or 10% level. All 

other variables are statistically significant at the 5% level except for 𝑖𝑛𝑣 which is statistically significant 

at the 10% level. We note the results for these variables are consistent with those obtained for the 

agglomeration model reported above. 

 

The second model includes interaction terms between ‘agglomeration and inner’ as well as 

‘agglomeration and outer’. It is specified below: 

 

∆𝛾𝑖𝑡,𝑡−5 = 𝛼𝑖 + 𝛾𝑡 + 𝛽1𝛾𝑖𝑡−5 + 𝛽2𝑖𝑛𝑣𝑖𝑡,𝑡−5 + 𝛽3𝛥𝑝𝑜𝑝𝑖𝑡,𝑡−5 + 𝛽4𝑎𝑔𝑔𝑙𝑖𝑡−5 + 𝛽5(𝑎𝑔𝑔𝑙𝑖𝑡−5 × 𝑖𝑛𝑛𝑒𝑟𝑖𝑡)

+ 𝛽6(𝑎𝑔𝑔𝑙𝑖𝑡−5 × 𝑜𝑢𝑡𝑒𝑟𝑖𝑡) + 𝜀𝑖𝑡 
where: 

 𝑎𝑔𝑔𝑙𝑖𝑡−5 × 𝑖𝑛𝑛𝑒𝑟𝑖𝑡 is the interaction between agglomeration and inner for region 𝑖 at time 𝑡; 

and 

 𝑎𝑔𝑔𝑙𝑖𝑡−5 × 𝑜𝑢𝑡𝑒𝑟𝑖𝑡 is the interaction between agglomeration and outer for region 𝑖 at time 𝑡. 

 

Table 5.6 presents the results for the agglomeration model with the Inner-Outer-Regional dummy 

interaction effects included. 

 

Table 5.6: Agglomeration with Inner-Outer-Regional Dummy interaction effects 

Variable Coefficient SE z-value p-value 2.5% CI 97.5% CI 

CONSTANT 0.45 0.12 3.78 0.00 0.22 0.68 

WA 0.06 0.01 8.98 0.00 0.05 0.08 

𝛾𝑡−1 -0.04 0.01 -3.47 0.00 -0.06 -0.02 

𝑖𝑛𝑣 0.04 0.02 1.85 0.07 0.00 -0.30 

𝛥𝑝𝑜𝑝 -0.65 0.18 -3.64 0.00 -1.00 0.01 

𝑎𝑔𝑔𝑙 0.00 0.00 2.16 0.03 0.00 0.09 

𝑎𝑔𝑔𝑙 × 𝑖𝑛𝑛𝑒𝑟 0.00 0.00 0.13 0.89 0.00 0.00 

𝑎𝑔𝑔𝑙 × 𝑜𝑢𝑡𝑒𝑟 0.00 0.00 -1.41 0.16 0.00 0.00 
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Table 5.6 indicates that interaction variables are not statistically significant. All other variables are 

statistically significant at the 5% level except for 𝑖𝑛𝑣 which is statistically significant at the 10% level. 

These results are also consistent with our previous agglomeration models and ultimately show that after 

accounting for the other factors included in both models, the pattern of agglomeration does not differ 

between inner, outer and regional areas. 

 

 

 

In this section, we present the results of our human capital analysis based on 2015 LGA level data from 

the ABS. In this analysis, we isolate and quantify the impact of education, work experience on earnings 

for different regional classifications (i.e., state/territory and the RAI inner, outer and regional 

classifications). 

 

Table 6.1 below presents a summary of the variables used in the analysis as well as summary statistics 

for each variable. The final analytical sample is based on 513 LGAs for which complete information 

was available for all data items. 

 

Table 6.1: Definitions and summary statistics, 2015 

Variables Description Mean or 

percentage 

Income Mean income $52,091.81 

Income (log) Log of mean income 10.83 

   

Age Median age in years 40.43 

Age2 The square of median age 1644.41 

Degree Bachelor’s Degree (%) 2.72% 

   

State   

NSW (ref.) New South Wales 24.76% 

VIC Victoria 15.59% 

QLD Queensland 13.84% 

SA South Australia 13.65% 

WA Western Australia 23% 

TAS Tasmania 3.31% 

NT Northern Territory 5.65% 

ACT Australian Capital Territory 0.19% 

   

RAI type   

Regional (ref.) Regional LGA 70.57% 

6. RESULTS – HUMAN CAPITAL ANALYSIS 

6.1 DATA SUMMARY 
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Outer Outer LGA 20.66% 

Inner Inner LGA 8.77% 

 

Table 6.1 indicates that the average income across all LGAs in our sample is $52,091 with a median 

age of approximately 40.43 years. An average of 2.72% of the population holds a bachelor’s 

degree. Moreover, based on the RAI classification scheme, 70.57% of the population are located in 

regional LGAs, while 20.66% of the population are located in outer LGAs, with the remaining 

population located in inner LGAs. 

 

The following conventional human capital model was estimated: 

 

𝑊 = 𝛼 + 𝛽1𝐸 + 𝛽2𝐸𝑥𝑝+𝛽3𝐸𝑥𝑝2 + 𝛽4𝑋 + 𝜀 (4) 

 

where: 

 𝑊 is the log of mean income in each local government area (LGA); 

 𝐸 is the level of education (the percentage of individuals in each LGA with a bachelor’s 

degree); 

 𝐸𝑥𝑝 is work experience (median age in each LGA is used as a proxy for work experience); 

 𝐸𝑥𝑝2 is the square of work experience (i.e., median age squared); 

 𝑋 is vector of different regional classifications (i.e., state/territory and the RAI ‘inner and outer’ 

regional classification); and 

 𝜀 is an error term. 

 

All regression results are estimated using ordinary least squares (OLS) with robust standard errors. Our 

empirical strategy was divided into three main parts. More specifically, we estimated a: 

 Conventional human capital model (Model 1); 

 Human capital model with state and territory variables (Model 2); and 

 Human capital model using the RAI classification scheme (Model 3). 

 

The results from the human capital models are presented in Table 6.2. 

 

Table 6.2: Human capital regression models, 2015 

 Model 1 Model 2 Model 3 

 β  SE β  SE β  SE 

Degree 0.052*** (0.003) 0.056*** (0.003) 0.053*** (0.003) 

Age 0.214*** (0.053) 0.261*** (0.040) 0.214*** (0.053) 

Age2 -0.003*** (0.001) -0.003*** (0.000) -0.003*** (0.001) 

       

6.2 EMPIRICAL APPROACH 

6.3 RESULTS 
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VIC   -0.035** (0.016)   

QLD   0.032 (0.030)   

SA   -0.025 (0.021)   

WA   0.180*** (0.022)   

TAS   -0.014 (0.061)   

NT   -0.032 (0.024)   

ACT   0.287*** (0.014)   

       

Outer     -0.033* (0.020) 

Inner     -0.009 (0.021) 

       

Constant 6.419*** (1.088) 5.375*** (0.831) 6.430*** (1.089) 

R-squared 0.413  0.529  0.417  

N. of cases 513  513  513  

Robust standard errors in parentheses. 
* p<0.10, ** p<0.05, *** p<0.01 

The result in Table 6.2 indicate that education (as proxied by the variable ‘Degree’) was found to be 

statistically significant in Model 1 at the 1% level. The results suggests that a one-percentage point 

increase in the number of individuals holding a Bachelor’s degree will, on average, lead to a 5% 

increase in wages. It is worth noting that this estimate is broadly consistent across all four models. In 

addition, work experience (as proxied by age and age2) is statistically significant at the 1% level and 

exhibits the expected inverted ‘U-shape’. 

 

Model 2 extends the basic human capital model (Model 1) to include variables to control for state and 

territory effects. Model 2 indicates that only VIC, WA and the ACT were found to be statistically 

significant. The coefficient for VIC indicates that – when compared to NSW – the mean wage is 3.5% 

lower. In contrast, however, the coefficients for WA and ACT indicates that – when compared to NSW 

– the mean wage is 18% and 28.7% higher. 

 

Model 3 extends the basic human capital model (Model 1) to include the ‘inner and outer’ categorical 

variable based on the RAI’s classification system. Model 3 indicates that only the ‘outer regional’ 

variable is statistically significant at the 10% level. The results suggest that for ‘outer regional’ LGAs – 

when compared to regional LGAs – the mean wage is 3.3% lower. 

 

 

 

The objective of this section is to outline the policy implications of this study. An overview of the model 

specification is first presented along with the results of formal estimation. The results are supported by 

existing studies regarding the positive impacts associated with agglomeration. The results from the 

model allow us to examine the policy levers that may be used by government and local planners alike 

to create an environment that fosters agglomeration and ultimately drives economic welfare. 

 

7. POLICY ANALYSIS 
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To isolate and quantify the impact of the explanatory variables (policy levers) on economic welfare (as 

proxied by GRP) the following model was used (note, 𝛾𝑖,𝑡 refers to the log of GRP per capita for 

region 𝑖 at time 𝑡): 

 

∆𝛾𝑖,𝑡 = 𝛼𝑖 + 𝛽1𝑊𝐴 + 𝛽2𝛾𝑡−1 + 𝛽3𝛥𝑝𝑜𝑝𝑖,𝑡 + 𝛽4𝑎𝑔𝑔𝑙𝑖,𝑡 + 𝛽5𝑎𝑔𝑔𝑙𝑀𝑒𝑡𝑟𝑜𝑁𝑆𝑊 + 𝛽6(𝑁𝑆𝑊 × 𝑖𝑛𝑣)

+ 𝛽7(𝑉𝐼𝐶 × 𝑖𝑛𝑣) + 𝛽8(𝑆𝐴 × 𝑖𝑛𝑣) + 𝛽9(𝑊𝐴 × 𝑖𝑛𝑣)
+ 𝛽10(𝑁𝑇 × 𝑖𝑛𝑣)+ + 𝛽11(𝑁𝑇 × 𝑎𝑔𝑔𝑙) + 𝜀𝑖,𝑡−1 

 

where: 

 𝛾𝑖,𝑡−1 captures is the value of GRP for the previous period; 

 𝑖𝑛𝑣𝑖,𝑡 refers to the log rate of investment as proxied by investment income; 

 𝑝𝑜𝑝𝑖,𝑡 refers to the change in the regional population between periods; 

 𝑎𝑔𝑔𝑙𝑖,𝑡 captures the effect of agglomeration as proxied by the log of working population per 

square kilometre; 

 𝑎𝑔𝑔𝑙𝑀𝑒𝑡𝑟𝑜𝑁𝑆𝑊 is the interaction effect between agglomeration and metropolitan NSW; 

 𝑉𝐼𝐶 × 𝑖𝑛𝑣 is the interaction effect between VIC and the log rate of investment3; 

 𝑆𝐴 × 𝑖𝑛𝑣 is the interaction effect between SA and the log rate of investment; 

 𝑊𝐴 × 𝑖𝑛𝑣 is the interaction effect between WA and the log rate of investment; 

 𝑁𝑇 × 𝑖𝑛𝑣 is the interaction effect between NT and the log rate of investment; 

 𝑁𝑇 × 𝑎𝑔𝑔𝑙 is the interaction effect between NT and agglomeration; and 

 𝜀𝑖,𝑡 is normally distributed, with a variance of 𝜎2. 

 

Note that QLD forms the base case for the interaction effects between state and investment while VIC 

and WA form the base case for the interaction effect between state and agglomeration. This model is 

then estimated for both metropolitan and regions over the period 2012 to 2015. 

 

Table 7.1 presents the results from our preferred model. It shows that investment is a statistically 

significant driver of GRP for both regional and metropolitan areas in NSW, VIC, SA, WA, and the NT. 

 

Table 7.1: Preferred model summary 

Variable Coefficient SE z-value p-value 2.5% CI** 97.5% CI 

𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 0.431 0.112 3.84 0.000 0.211 0.651 

𝑊𝐴 0.067 0.007 9.14 0.000 0.053 0.082 

𝛾𝑡−1 -0.040 0.011 -3.55 0.000 -0.062 -0.018 

𝛥𝑝𝑜𝑝 -0.691 0.178 -3.89 0.000 -1.040 -0.343 

𝑎𝑔𝑔𝑙 0.002 0.001 2.07 0.039 0.000 0.004 

                                                 
3 Where investment income is used as a proxy. 

7.1 MODEL SPECIFICATION 

7.2 RESULTS 
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aggMetroNSW 0.003 0.001 3.07 0.002 0.001 0.005 

(𝑁𝑆𝑊 × 𝑖𝑛𝑣) 0.164 0.042 3.74 0.000 0.078 0.250 

(𝑉𝐼𝐶 × 𝑖𝑛𝑣) 0.204 0.030 6.73 0.000 0.144 0.263 

(𝑆𝐴 × 𝑖𝑛𝑣) 0.177 0.039 4.58 0.000 0.101 0.253 

(𝑊𝐴 × 𝑖𝑛𝑣) 0.051 0.025 2.03 0.042 0.002 0.101 

(𝑁𝑇 × 𝑖𝑛𝑣) 0.027 0.005 6.04 0.000 0.018 0.036 

(𝑁𝑇 × 𝑎𝑔𝑔𝑙) 0.009 0.001 7.89 0.000 0.007 0.012 

*SE standard error. ** CI denotes confidence interval. 

There is currently a large body of existing literature examining the impact of investment on regional 

Australia and its associated outcomes on economic activity facilitated by the process of agglomeration. 

The Australian experience abounds with studies that examine the impact of direct monetary and capital 

investment on economic growth in regional centres (e.g., the Regional Jobs and Investment Package). 

However, Australia has for many years grappled with understanding what constitutes an optimum 

policy mix, that is, one that promotes the benefits of agglomeration in the regional centres without 

affecting the level of economic activity (and its constituent components such as an active and vibrant 

workforce) in the larger city centres. 

 

Figure 7.1 provides a stylised example of the challenges that face policymakers. Growing the 

population too fast in any region could lead to diseconomies in the short to medium term unless the 

density of the working population does not also enjoy a commensurate increase. Furthermore, the skill 

sets of the working population should broadly match the existing and future economic requirements and 

aspirations of the region. To this end, the process of regional agglomeration spurred by the right mix of 

social, fiscal and demographic policies promulgated by government is necessary for the economic 

betterment of all Australians. Of course, choosing the ‘right’ policy mix also involves the development of 

an efficient incentive to motivate the private sector to carry its share of the burden. This involves the 

provision of efficient transportation and infrastructure investment on behalf of the government. The 

results of our analysis show that investment is the major policy lever available to government to drive 

agglomeration and economic welfare in regional centres. 

 

 
Figure 7.1: Agglomeration – the policy challenge 

7.3 CORROBORATING THE FINDINGS WITH EXISTING RESEARCH 
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According to the model results, investment in regional infrastructure projects focussing on the 

development of transport links is a direct means available to government to trigger agglomeration. As 

discussed in the literature review, authors such as Glaeser (2010) have suggested that the benefits of 

agglomeration can manifest as reductions in transportation costs. In recent years, state and territory 

governments around Australia have considered or committed to various projects of this nature. For 

example, by expanding the number of lanes from two to four, the Pacific Highway upgrade reduced 

transport costs associated with accessing many regional communities between Sydney and Brisbane 

(Office of the Infrastructure Coordinator 2013). Similarly, the planned Bruce Highway upgrade is 

expected to deliver $3,043 million worth of travel time savings, $776.9 million of savings related to 

vehicle operating costs and $237.2 million of savings from reduced road accidents (Infrastructure 

Australia 2016). 

 

More specifically, Beltran et al.’s (2016) study of the impact of agglomeration in Spain found that a 

rail network expansion was responsible for driving significant economic growth. Governments around 

Australia have in the past also given extensive consideration to rail infrastructure investments. This 

includes the Inland Rail project, which will reduce transport costs associated with the movement of 

commodities between regional centres in Eastern Australia and major ports for export (Inland Rail 

2010). In addition, the Murray Basin rail project aims to improve connectivity between the Basin region 

(responsible for the production of 70% of Victoria’s grain and $1 billion of Mineral Sand Production) 

and the rest of Australia (Infrastructure Australia 2016). 

 

Beyond transport infrastructure, other authors such as Quigley (2013) have suggested that in addition 

to declining transport costs agglomeration is also driven by the proliferation of ideas, knowledge and 

education. In regional Australia, these drivers of agglomeration are most clearly observed in the work 

of regional universities. These universities have a clear focus (particularly for graduate education) on 

producing graduates with knowledge and skills that support the regional economy such as agricultural 

and resource economics, geosciences, climate change adaption and plant and water science. More 

broadly, however, regional universities can increase and retain local population densities as they 

attract students from nearby regions while limiting the number moving to metropolitan centres to study. 

 

The impact of direct investment into regional economies is presented in Figure 7.2 below, which presents 

the results of simple sensitivity tests of investment on economic activity based on our econometric model. 
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Figure 7.2: Investment Scenario 

 

Figure 7.2 depicts the change in predicted GRP growth per capita, resulting from increasing investment. 

The model predicts that an increase in investment will lead to comparable growth in both the regional 

and metropolitan areas. This suggests that positive economic impacts tend to persist with the 

introduction of new and innovative ideas among firms and governments. The evidence provides a strong 

signal to government for increasing investment in regional Australia. 

 

Figure 7.3 below visualises the result of a scenario where the workforce population is increased by 100 

across all LGAs. In other words, 100 skilled workers are added to the workforce population and 

comparisons are drawn between the economic impacts manifesting in regional areas compared with 

those in metro (large city) areas. The results are reported at the regional and metropolitan level for 

each state and territory. 
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Figure 7.3: Estimated impact on GRP change from a 100-person increase in workforce 

 

The above figure indicates that increasing a region’s workforce by 100 people will have the greatest 

average impact on the rate of change in the GRP of regional LGA’s (when comparing a State or 

Territory’s respective metropolitan and regional LGAs). In particular, the greatest impact is estimated to 

be on regional WA and QLD4, while the smallest impact is estimated to be on metropolitan 

Queensland. The scenario analysis also suggests that when clusters of economic activity are formed 

within concentrated or defined geographic regions (whether in the urban or regional sphere) 

development strategies tend to flow in and throughout the affected area. 

 

Moreover, the concentration of government investment in regional areas may assist in alleviating the 

negative externalities that tend to persist in over populated or areas of high population concertation 

such as metropolitan Sydney, Melbourne, Brisbane, and Perth. For example, congestion in the form of 

road and traffic congestion and overcrowding on public transport, and excess public infrastructure 

usage (e.g., hospitals). The problem of congestion is further exacerbated by resource misallocation, 

which arises due to an increased proportion of resources and infrastructure devoted to alleviating 

congestion rather than investing in regional cities and towns. Diseconomies associated with over 

population also include housing unaffordability – a major issue in the aforementioned major cities of 

Australia. 

 

A final point to be extracted from the model is that a non-strategic, simple approach to bolstering a 

regional population is likely to have a negative effect on GRP. This is expressed in the model through a 

negative coefficient for population and is a key finding by Mukkala (2004). The author’s research into 

                                                 
4 One possible explanation for this finding is that WA and QLD have strong mining sectors, which could 
lead these regions to outperform other regions. 
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the Finnish manufacturing sector showed that a smaller region could boost its economic growth through a 

specialisation rather than a diversification strategy. Practically, this means ensuring regional 

populations grow with the human capital necessary to support their specialisation. Additionally, 

investment in local education and research institutions is essential to ensuring the region remains 

competitive within its areas of focus. 

 

The evidence presented in this study shows that Australia has fewer land constraint concerns than many 

of the European and Asian countries discussed in our literature review. While some cities (such as 

Singapore), do not have a choice but to plan for very high density living Australia does have a choice. 

With more efficient planning and investment, Australia can pursue more effective ways of dealing with 

negative externalities. Our analysis shows that investment in regional areas yields higher productivity 

benefits from infrastructure instead of just offsetting (often inadequately and even then only 

temporarily) the productivity cost of congestion. 

 

In summary, the discussion above has demonstrated that: 

 Infrastructure projects  can improve links to regional centres and reduce associated transport 

costs; 

 Regional universities which both improve population densities and as such agglomeration 

directly but also the proliferation of knowledge and regional specialisation; and 

 Other investments that ultimately encourage regional specialisation. 

 

  

7.4 CONCLUSIONS 



 

SETTLEMENT PATTERNS: ECONOMETRIC ANALYSIS   37 / 59 

 
 
Alfaro, L. and Chen, X.M. (2016). Location Fundamentals, Agglomeration Economies, and the 
Geography of Multinational Firms, Harvard Business School, Working Paper 17-014. 
 
Beltran Tapia, F. J. et al. (2016). Tracing the Evolution of Agglomeration Economies: Spain, 1860-1991, 
Cambridge Working Paper: 1636. 
 
Bosker, M. (2007). Growth, Agglomeration and Convergence: A Space-time Analysis for European 
Regions, Spatial Economic Analysis 2(1): 91-100. 
 
Bosma, N. and van Oort, F. (2012), Agglomeration Economies, Inventors and Entrepreneurs as Engines 
of European Regional Productivity, Utrecht School of Economics Tjalling C. Koopmans Research Institute, 
Discussion Paper Series 12-20. 
 
Chatterjee, S. (2003). Agglomeration Economies: The Spark That Ignites a City? Business Review Q4: 6-
13. 
 
Ciccone, A. (2002). Agglomeration Effects in Europe, European Economic Review, 46, 2: 213-227. 
 
Dumais, G., G. Ellison, and E. Glaeser. (2002). Geographic concentration as a dynamic process, Review 
of Economics and Statistics 84 (2): 193-204. 
 
Duranton, G. and Kerr, W.R. (2015) The Logic of Agglomeration, Harvard Business School, Working 
Paper 16-037. 
 
Glaeser, E.L. (2010). Agglomeration Economics, National Bureau of Economic Research, 
(http://www.nber.org/books/glae08-1). 
 
Glaeser, E.L. and Mare, D.C. (2001). Cities and Skills, Journal of Labour Economics, 19, 1: 316-342. 
 
Glaeser, E.L. and Resseger, M.G. (2010). The Complementarity between Cities and Skills, Journal of 
Regional Science, 50, 1: 221-244. 
 
Gopinath, M., Pick, D. and Li, Y. (2004). An Empirical Analysis of Productivity Growth and Industrial 
Concentration in US Manufacturing, Applied Economics, 36, 1: 1–17. 
 
Henderson, J. V. (1986). Efficiency of Resource Usage and City Size, Journal of Urban Economics, 19, 1: 
47–70. 
 
Heuermann, D., Halfdanarson, B. and Suedekum, J.  (2008). Human Capital Externalities and he Urban 
Wage Premium: Two Literatures and their Interrelations, Urban Studies, 47, 4: 749-767. 
 
Infrastructure Australia (2016). Project Business Case Evaluation – Murray Basin Rail Project: Sydney. 
Retrieved from http://infrastructureaustralia.gov.au/projects/project-assessments.aspx 
 
Inland Rail (2010). Melbourne–Brisbane Inland Rail Alignment Study – Final Report July 2010: 
https://inlandrail.artc.com.au/programme 
 
Jamaldeen, M (2015). Agglomeration Economies, Diseconomies and City Size, Thesis (Master of Research 
(Economics)), Macquarie University, Sydney, Australia. 
 
Mankiw, G., Romer, D. and Weil, D.N. (1992). A Contribution to the Empirics of Economic Growth, 
Quarterly Journal of Economics, 107, 2: 407-437. 
 

REFERENCES 

http://www.nber.org/books/glae08-1
http://infrastructureaustralia.gov.au/projects/project-assessments.aspx
https://inlandrail.artc.com.au/programme


 

SETTLEMENT PATTERNS: ECONOMETRIC ANALYSIS   38 / 59 

Melo, P. C. and Graham, D.J. (2009) Agglomeration Economies and Labour Productivity: Evidence from 
Longitudinal Worker Data for GB’s Travel-to-Work Areas, SERC Discussion Paper 31. 
 
Mincer, J. (1974). Schooling, Experience, and Income, National Bureau of Economic Research, Distributed 
by Columbia University Press, New York. 
 
Mukkala, K. (2004). Agglomeration Economies in the Finnish Manufacturing Sector, Applied Economics, 
36, 21: 2419-2427. 
 
Office of the Infrastructure Coordinator (2013). Assessment Brief – Pacific Highway Corridor Upgrade: 
Sydney. Retrieved from http://infrastructureaustralia.gov.au/projects/project-assessments.aspx 
 
Quigley J.M. (2013). Agglomeration, Regional Growth, and Economic Development, in Metropolitan 
Regions, Advances in Spatial Sciences, ed. J. Klaesson et al. 
 
RAI (2014). The foundation of regional Australia. Regional Australia Institute: Canberra. Retrieved from 
http://www.regionalaustralia.org.au/wp-content/uploads/2014/12/Foundations-of-regional-
Australia-FINAL-.pdf  
 
Rauch, J. (1993). Productivity Gains from Geographic Concentration of Human Capital: Evidence from 
the Cities, Journal of Urban Economics, 34, 3: 380-400. 
 
Solow, R.M. (1956). A Contribution to the Theory of Economic Growth, Quarterly Journal of Economics, 
70, 1: 65-94. 
 
Suedekum, J. (2006). Agglomeration and Regional Costs of Living, Journal of Regional Science, 46, 3: 
529-543. 
 
Sveikauskas, L. (1975). The Productivity of Cities, Quarterly Journal of Economics, 89, 3: 393–413. 
 
Swan, T.W. (1956). Economic Growth and Capital Accumulation, Economic Record, 32, 2: 334-361. 
 
Yankow, J. (2006). Why do Cities Pay More? An Empirical Examination of Some Competing Theories of 
the Urban Wage Premium, Journal of Urban Economics. 60, 2: 139-161. 

 

http://infrastructureaustralia.gov.au/projects/project-assessments.aspx
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Publication: 

Agglomeration 

Economies, 

Diseconomies, and City 

Size – The Case of 

Australian Cities. 

Author: Muheed 

Jamaldeen 

Date: 2015. 

Examines the interplay 

between urban 

economies and 

diseconomies in 

Australian cities, and 

their relationship with 

productivity-maximising 

city size. 

Empirical results estimate productivity-

maximising city sizes for Australian 

Statistical Area 3 (SA3) (p.47 for data 

sources). 

 

SA3s are considered functional areas 

because they capture a large 

proportion of the spatial dynamics 

(labour and housing markets, transport 

nodes), and hence represent the spatial 

economy. 

 

ABS Census 2011 records data on the 

number persons working at each SA3 

by 19 Australia New Zealand Industry 

Classification (ANZSIC) (1 digit) groups. 

 

Using State and Territory National 

Accounts, and ABS Census (2011) 

income data, we estimate GVA by 

ANZSIC industry for each SA3 in 

Australia (p.37 for estimation method). 

 

Derive estimates of capital stock for 

SA3s in Australia (p.38). 

Follows the approach in Au and Henderson (AH) 

(2006). 

 

Tests the empirical validity of the AH model for 

Australian data. The results suggest that the model’s 

monocentric-circular urban structure does not hold for 

Australian SA3-cities. The generalised version of the 

AH model is also tested. The alternative theoretical 

specification produces robust results. Lastly, Taylor-

series and Generalised Leontief expansions of the 

models are tested. All non-linear models are 

estimated using Non-Linear Least Squares (NLS), while 

their linearised versions use Ordinary Least Squares 

(OLS). Robustness tests suggest that these estimates 

are valid. 

APPENDIX 1: SUMMARY OF THE LITERATURE 
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Publication: Book - 

Agglomeration 

Economics, Chapter – 

Introduction. 

Author: Edward L. 

Glaeser 

Date: 2010. 

 

Introduces a volume on 

agglomeration 

economies, providing an 

overview of each 

chapter. Chapters of 

potential note include: 

 

 

Chapter 1: (p 3) Pierre- 

Philippe Combes, Gilles 

Duranton, Laurent 

Gobillon, and Sébastien 

Roux. 

Examines: Connection 

between density and 

both wages and total 

factor productivity in 

France.  

 

Chapter 4: (pp. 7-8) 

Henry Overman and 

Diego Puga. 

Examines: Labour 

Market Pooling – The 

basic concept is that if 

there are many 

employers within an 

area, then workers can 

No data given as introductory chapter 

to a book. 

Chapter 1 Quantitative Methods Used: They use an 

individual fixed effects approach and find that 

allowing for individual fixed effects reduces the 

estimated impact of density on wages by about one-

third. 

 

Chapter 4 Quantitative Methods: Reverse causality 

should also be seen as a prediction of a labour 

market pooling model. 
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change employers 

without changing 

residences. 

Empirical Test Used: 

Examination of sectors 

across UK. 

 

Chapter 10: (pp.8-9) 

Glaeser and Ponzetto 

Examines: Across 

service industries, human 

capital strongly predicts 

urbanisation. 

 

Final Chapter: (p.12) 

Matthew 

Kahn. 

Examines: Congestion, 

pollution and social 

problems in cities. 
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Publication: Defining 

urban clusters 

to detect agglomeration 

economies 

Authors: Clementine 

Cottineau, Olivier 

Finance, Erez Hatna and 

Elsa Arcaute and 

Michael Batty 

Date: 2018 

The paper focusses on 

the spatial and 

economic complexity of 

the mechanisms defining 

agglomeration within 

and between cities. 

 

Methods Include: 

Regresses wages versus 

population and jobs 

over thousands of 

different definitions of 

cities in France, based 

on an algorithmic 

aggregation of spatial 

units. 

 

Provides a sensitivity 

analysis of estimated 

externalities to the 

definitions of urban 

agglomeration. 

 

Population Data 2011: Gathered for 

36,546 local units from the 2011 French 

Population Census: 

https://www.insee.fr/en/statistiques 

 

Wage Data 2008: Public database with 

information on firms called CLAP. 

Further aggregated to the local unit 

level called a Commune. More reliable 

in terms of average wages but may 

overestimate the number of jobs in the 

largest cities. 

 

Density per Unit of Urbanised Surface: 

LandCover 2006 data: 

http://www.statistiques.developpement-

durable.gouv.fr/donnees-

ligne/li/1825.html 

 

The aggregated wages Y of a spatial unit i is OLS-

regressed against its total population or density using 

equations (1) and (2), which are the log-transforms of 

the scaling equations specified for population and 

density: 

 

𝑙𝑜𝑔(𝑌𝑖) = 𝑎 + 𝛽 × log(𝑃𝑖) + 𝜀𝑖    (1) 

𝑙𝑜𝑔 (𝑌𝑖) = 𝑎 + 𝛾 × log(𝐷𝑖) + 𝜀𝑖  (2)
 

 

where 𝑌𝑖  represents the total wages of a spatial unit 

i, 𝑃𝑖 is the urban population (measured in residents or 

firms), 𝐷𝑖 is the urban density, a is a normalisation 

constant, 𝛽𝑖 and 𝛾 are the scaling coefficients while 𝜀𝑖 

are the residuals. 

https://www.insee.fr/en/statistiques
http://www.statistiques.developpement-durable.gouv.fr/donnees-ligne/li/1825.html
http://www.statistiques.developpement-durable.gouv.fr/donnees-ligne/li/1825.html
http://www.statistiques.developpement-durable.gouv.fr/donnees-ligne/li/1825.html
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Publication: Tracing the 

Evolution of 

Agglomeration 

Economies: Spain, 1860-

1991. 

Authors: Francisco J. 

Beltrán Tapia, Alfonso 

Díez-Minguela and Julio 

Martinez-Galarraga. 

Date: 2018. 

Using district population 

in Spain between 1860 

and 1991, recorded 

approximately every 

decade, this article 

examines whether initial 

population affects 

subsequent population 

growth. 

 

Finds: 

Relationship between 

two variables existed 

between 1910 and 

1970 before civil war 

interruption. 

 

Agglomeration 

economies were stronger 

in medium-size districts – 

suggesting congestion 

costs began to mitigate 

the benefits arising from 

agglomeration 

economies in the largest 

locations. 

Population: Population of 471 districts 

from 1860-1991 using population 

censuses covering 13 years. Unit of 

analysis is the Partido Judicial, an 

administrative category composed of 

several municipalities. 

 

Economic Activity: Measured using 

population data – advantages listed 

(p.11). 

 

Average Annual Temperature and 

Average Annual Rainfall: WorldClim 1 

kilometre digital data. 

Median Altitude of each District: SRTM 

90-meter resolution digital elevation 

data. 

 

Large River Presence: European 

Environment Agency WISE Large rivers 

dataset. 

 

Distance to Coast 

 

Soil Quality: the European Soil 

Database (ESDB 1-kilometer resolution). 

To examine how the size of the local economy affects 

subsequent growth over time, the following model is 

estimated for each period using OLS: 

 

Δ𝑦𝑖 = 𝛼 + 𝛽𝑦𝑖 + 𝑥𝑖
𝑇𝛾 + 𝜀𝑖 

 

 

where Δyi is the logarithmic growth rate of the district 

population between two census (Δyi = ln yt+1i – ln 

yti) and yi refers to the log of the population level at 

the beginning of the period. Given that both 

variables are measured in logs, the estimated 

parameters can be interpreted as elasticities. In 

addition, 𝑥𝑖 is a vector of control variables taking into 

account geographic, climatic and geological features 

of each district. 

Accounts for other factors including impact of nearby 

cities and different geographic characteristics that 

attempt to capture the locational fundamentals of 

each district. 
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Publication: 

Agglomeration 

Economies in Australian 

Cities: 

Productivity benefits of 

increasing urban density 

and accessibility. 

Authors: Roman Lubor 

Trubka 

Date: 2011. 

Research questions: 

 

Can useful 

agglomeration 

elasticities be 

determined for 

Australian cities? 

 

Are elasticity estimates 

amenable to being 

generalised across 

Australian cities? 

 

Are elasticity estimates 

robust to changes in the 

geographic scale of 

analysis? 

 

How can these 

elasticities best be 

applied in an Australian 

context? 

 

What are the broader 

implications of 

agglomeration 

economies for urban 

Data for Part 1 and 2 Analyses  
 
Part 1 Analyses  
Data sourced from the 2006 Census 
and provided by place-of-work. 
 
Use the geographic scale of the 
Statistical Local Area (SLA). 
 
Cover all Australian capital cities for 
the first analysis and then Sydney and 
Melbourne for the rest. 
 
Control for occupation using 1-digit 
ANZSCO employment data (8 
categories) (not applicable to the first 
analysis) [Data for Sydney and 
Melbourne only]. 
 
Control for education using the 
categories of ‘tertiary’ and ‘non-
tertiary’ educational attainment (not 
applicable to the first analysis) [Data 
for Sydney and Melbourne only]. 
 
Control for experience using ‘mean 
age’ (Not applicable to the first 
analysis) [Data for Sydney and 
Melbourne only]. 
 
Data for all controls of worker 
heterogeneity are provided on an 
industry-specific basis at the 3-digit 
ANZSIC level (60 industries). 
 

Whether a production or wage function framework 

used determined by data availability. 

 

Data issues meant that the production function 

framework in the Australian case was dismissed. 

 

Wage function used with a Cobb Douglas 

specification of a firm’s productivity. 
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planning and 

infrastructure? 

Number of SLAs in the capital cities: 
Sydney (64), Melbourne (79), Perth 
(37), Brisbane (215), Canberra (108), 
Adelaide (55), Darwin (41), and Hobart 
(8). 
 
Income is used as the measure of output. 
  
Part 2 Analyses  
Data sourced from the 2006 Census 
and provided by place-of-work. 
 
Use the geographic scale of the Travel 
Zone (TZ) in Sydney and Work  
Destination Zone (WDZ) in Melbourne. 
 
Cover the capital cities of Sydney and 
Melbourne. 
Control for occupation using a collapsed 
form of 1-digit ANZSCO employment 
data (3 categories). 
 
Control for education using the 
categories of ‘tertiary’ and ‘non-
tertiary’ educational attainment. 
 
Control for experience using ‘mean 
age’. 
 
Data for all controls of worker 
heterogeneity are provided on an 
industry-specific basis at the 2-digit 
ANZSIC level (30 industries). 
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Number of WDZs in Melbourne are 

2,083 and the number of TZs in Sydney 

are 3,098. 

 

Spatial Data Types and Sources 
 

New South Wales Data 
SLA origin-destination a.m. peak, p.m. 
peak, and daytime inter-peak travel 
times (Source: TDC). 
 
TZ origin-destination a.m. peak, p.m. 
peak, and daytime inter-peak travel 
times (Source: TDC). 
 
TZ digital boundaries, MGA94 zone 56 
format (Source: TDC). 
 
Victoria Data 
WDZ digital boundaries, MGA94 zone 
55 format (Source: VicRoads). 
 
Main roads centreline digital data, 
MGA94 zone 55 format (Source: 
VicRoads). 
 
Main + local roads centreline digital 
data, MGA94 zone 55 format (Source: 
DSE). 
 
Australia-wide Data 
State digital boundaries, GDA94 
format (Source: ABS). 
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Statistical division (SD) digital 
boundaries, GDA94 format (Source: 
ABS). 
 
Local Government Area (LGA) digital 
boundaries, GDA94 (Source: ABS). 
 
Statistical Local Area (SLA) digital 

boundaries, GDA94 (Source: ABS). 

Publication: The 

Empirics of 

Agglomeration 

Economies. 

Authors: Laurent 

Gobillon. 

Date: 2014. 

Presents an integrated 

framework on the local 

determinants of 

individual 

agglomeration effects. 

 

Includes estimation 

strategies and methods 

to overcome common 

issues in estimation. 

No specific datasets discussed as 

literature provides an overview of 

existing work. 

Provides a variety of quantitative methods to 

estimate the following including: 

 Firm level productivity 

 Methods to overcome endogeneity issues 

 Dealing with endogenous local determinants using 
o Local fixed effects 
o Instrumentation with historical and 

geological variables 
o Generalised Method of Moments 
o Natural Experiments. 

 Other empirical issues: 
o Spatial scale 
o Measures of observed skills 
o Functional form and decreasing returns to 

agglomeration 
o Spatial lag models. 

Publication: Location 

Fundamentals, 

Agglomeration 

Economies, and the 

Geography of 

Multinational Firms. 

Uses a spatially 

continuous index of 

pairwise-industry 

agglomeration and 

investigate the patterns 

and determinants 

underlying the global 

43 million records around private and 

public establishments including 

latitudes and longitudes of plant 

Locations: WorldBase prepared by 

Dun and Bradstreet. 

Model specified as: 
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Authors: Laura Alfaro 

and Maggie Xiaoyang 

Chen. 

Date: 2016. 

economic geography of 

multi-national firms. 

 

Finds that location 

fundamentals such as 

market access and 

comparative advantage 

and agglomeration 

economies such as 

capital-good market 

externality and 

technology diffusion 

play a particularly 

important role in 

multinationals economic 

geography. 

𝑎𝑔𝑔𝑙𝑜𝑚𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑘�̃�(𝑇)

= 𝛼𝐾 + 𝛽1𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙𝑠𝑘�̃�

+ 𝛽2𝐼𝑂𝑙𝑖𝑛𝑘𝑎𝑔𝑒𝑘�̃� + 𝛽3𝑙𝑎𝑏𝑜𝑟𝑘�̃�

+ 𝛽4𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑔𝑜𝑜𝑑𝑘�̃�

+ 𝛽5𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦𝑘�̃� + 𝜀𝑖𝑗 , 

 

where  𝑎𝑔𝑔𝑙𝑜𝑚𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑘�̃�(𝑇) is the agglomeration 

index of industry pairs 𝑘 and �̃� at threshold distance 

𝑇 (relative to the counterfactuals) and the right-hand 

side includes: 

 

(i) Agglomeration patterns predicted by MP location 

fundamentals (𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙𝑠𝑘�̃�) based on the two 

specifications considered in Section 4.1; and 

 

(ii) Proxies for agglomeration forces described in 

Section 4.2 consisting of input-output linkages 

(𝐼𝑂𝑙𝑖𝑛𝑘𝑎𝑔𝑒𝑘�̃�), labor and capital good market 

similarities (𝑙𝑎𝑏𝑜𝑟𝑘�̃� and 𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑔𝑜𝑜𝑑𝑘�̃�), and 

technology diffusion (𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦𝑘�̃�). 

Publication: Theories of 

town location and 

economic activity in 

Research Report 136: 

The Evolution of 

Australian Towns. 

Provides an overview of 

the theories that attempt 

to explain human 

organisation in rural and 

urban areas. 

No data as no model presented with 

findings and results. 

No model presented. 
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Authors: Bureau of 

Infrastructure, Transport 

and Regional Economics 

(BITRE). 

Date: 2014. 

Publication: 

Agglomeration 

Economies, Inventors and 

Entrepreneurs as Engines 

of European Regional 

Productivity. 

Authors: Niels Bosma 

Frank van Oort. 

Date: 2012. 

Argues human capital, 

innovation and several 

types of 

entrepreneurship are 

potential drivers of 

regional economic 

performance with an 

impact of 

agglomeration 

economies. 

NUTS3 and NUTS2 regions available 

from EuroStat to satisfy the variables 

described in the model right.  

A regional productivity function is modelled where: 

 

 q denotes the output produced on an acre of land 

 n captures the employment and k the physical 
capital 

 Q denotes value added at the regional level 

 A the acreage of the region in square kilometres 

 H the average level of human capital  

 SD measures the specialization/diversity  

 E entrepreneurship 

 I invention. 
 

An index of total productivity for the region is then 

calculated and average regional productivity is 

derived. 

Publication: 

Agglomeration 

Economies, Knowledge 

Spillovers, Technological 

Diversity and Spatial 

Clustering of Innovations. 

Authors: Stefano 

Breschi. 

Date: 1998. 

Focusses on the spatial 

patterns of innovation. 

 

Patent Data: EPO-CESPRI database 

and NUTS3 and NUTS2 data. 

Employment Data: Italian Census data 

from 1991. 

 

Infrastructure and Milieus Data: Data 

on the number of Telephone subscribers 

at the NUTS 3 level. 

 

Model Specification: 

Dependent Variable: number of patents attributed to 

a specific industry in particular at the NUTS3 province 

level. 

 

Explanatory Variables: 

 

 The number of employees in the same 
industry within the province. 
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Congestion Cost Data: Road Traffic 

Data from the Italian Auto Industry 

Association 

 

 

 The number of employees in other 
manufacturing sectors within the province. 

 Total R&D Expenditures (RDEXP) 

 Total investments in innovative capital goods 
(KGEXP) 

 The total number of patents attributed to 
related industries RELTEC 

 The total number of patents attributed to 
other industries (OTHTEC) 

 Herfindahl index (HERF) 

 Number of circulating cars and lorries per 
kilometre of non-urban roads within the NUTS 
3 province CONG 

 For each NUTS 3 province, an index number 
of its relative position in terms of per-capita 
value added at factor costs (VADDED) in 
1991. 

 

Model Specification: 

𝑃𝑖𝑗 = 𝑓(𝑅𝐸𝐿𝑇𝐸𝐶𝑖𝑗 , 𝑂𝑇𝐻𝑇𝐸𝐶𝑖𝑗 , 𝐻𝐸𝑅𝐹𝑖 , 𝑂𝑊𝑁𝐸𝑀𝑃𝑖𝑗 , 

𝑂𝑇𝐻𝐸𝑀𝑃𝑖𝑗 , 𝑅𝐷𝐸𝑋𝑃𝑖 . , 𝐾𝐺𝐸𝑋𝑃𝑖., 𝐶𝑂𝑁𝐺𝑖., 𝑉𝐴𝐷𝐷𝐸𝐷𝑖.) 

 

Publication: 

Agglomeration, 

Inequality and Economic 

Growth 

Authors: David Castells 

and Vicente Royuela 

Date: 2014 

Analyses how inequality 

and agglomeration 

influences economic 

growth in the function of 

the country’s level of 

development and 

income distribution. Finds 

that increasing 

Inequality: World Income Inequality 

Database (WIID-WIDER) 

Three additional factors are accounted 

for: 

 

1. Object Under Measurement - gross 
income, net income, expenditure or 
consumption. 

The model uses panel data based on four periods: 

1970-1979, 1980-1989, 1990-1999 and 2000-

2007. 

𝑔𝑟𝑜𝑤𝑡ℎ = 𝑐 + 𝛼0(𝑦𝑡0) + 𝛼1(𝛼𝑡0) + 𝛼2(𝑙𝑡0) + 𝑋𝑡0
𝑇 𝐵

+ 𝑢𝑡 

Where: 𝑦𝑡0 is initial per capita GDP 

𝑎𝑡0 is agglomeration 

𝑡𝑡0 is inequality 
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inequality and 

increasing 

agglomeration have the 

potential can result in 

congestion diseconomies 

in high-income countries, 

especially if the 

distribution becomes 

particularly unequal. 

 

2. Unit of Measurement - individual, 
family or household. 

3. The coverage of data – urban, 
rural or both. 

𝑋 are the control variables. 

Publication: 

Agglomeration 

Economies: The Spark 

That Ignites a City? 

Authors: Satyajit 

Chatterjee. 

Date: 2003. 

Finds that the 

agglomeration 

economies are less 

important in determining 

the special distribution 

of employment than the 

availability of natural 

resources and the 

availability of natural 

resources and local 

economic policies. An 

interesting aspect of this 

is where he compares 

the economy with 

agglomeration is 

compared to without 

agglomeration. 

 The approach constructs an economic model of local 

employment to fit the Lorenz curve for an economy. A 

second model is then constructed in exactly the same 

way as the first except, agglomeration economies are 

removed. Both models are then be compared to 

observe the impact of agglomeration in the studied 

economy (in this case the US). 
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Publication: Growth, 

Agglomeration and 

Convergence: a space-

time analysis for 

European regions. 

Authors: Maarten 

Bosker. 

Date: 2007. 

Investigates the 

relationship between 

agglomeration and 

economic growth. Finds 

that economic growth is 

not associated with 

within agglomeration. 

Cambridge Econometrics database. 

 

Modified econometric growth models. 

Publication: 

Agglomeration 

economies in the Finnish 

manufacturing sector 

European regions. 

Authors: Kirsi Mukkala. 

Date: 2007. 

Examines the effect of 

agglomeration at the 

regional level using the 

Finnish manufacturing 

sector as a case study. 

NUTS 4-level regional units in EU 

standards. 

Cobb-Douglas production function variants. 

Publication: Efficiency in 

Resource Usage and 

City Size 

Authors: J. Vernon 

Henderson 

Date: 1986 

Examines the effect of 

agglomeration 

economies at the 

regional level using the 

manufacturing sector in 

the US and Brazil as a 

case study. 

Industrial Census Data and Census of 

Manufacturers Data. 

A production function model. 

Publication: The 

Productivity of Cities. 

Authors: Leo 

Sveikauskas. 

Date: 1975. 

Considers whether 

productivity is 

systematically higher in 

large urban centres. 

Data from 1967 relating to each 

manufacturing industry. 

Production function framework. 
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Publication: Why do 

Cities Pay More? An 

Empirical Examination of 

Some Competing 

Theories of the Urban 

Wage Premium, Journal 

of Urban Economics. 

Authors: Jeffrey 

Yankow. 

Date: 2006. 

Investigates the drivers 

behind wage 

advantages for workers 

in large urban areas. 

National Longitudinal Survey of Youth 

1979. 

OLS Regression. 

Publication: Cities and 

Skills. 

Authors: Edward 

Glaeser and David 

Mare. 

Date: 2001. 

Examines the drivers 

behind higher wages in 

cities compared non-

metropolitan areas. 

Panel Study of Income Dynamics. Traditional spatial utility model. 

Publication: An 

empirical analysis of 

productivity growth and 

industrial concentration 

in us manufacturing. 

Authors: Munisamy 

Gopinath, Daniel Pick & 

Yonghai Li. 

Date: 2006. 

Considers the 

productivity-industrial 

concentration 

relationship in the US 

manufacturing industries, 

incorporating external 

and internal sources of 

knowledge. 

4-digit SIC level data from the 

‘Manufacturing Industry Database, 

1958–96’. 

Fixed effects and random effects models. 
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LGA 
Workforce 

Density 
 LGA 

Workforce 

Density 

Albury (C) 80.39  Adelaide Hills (DC) 25.68659534 

Ballina (A) 38.25  Alexandrina (DC) 5.857236698 

Balranald (A) 0.05  Anangu Pitjantjatjara (AC) 0.006702288 

Bathurst Regional (A) 5.06  Barossa (DC) 13.09457191 

Bega Valley (A) 2.21  Barunga West (DC) 0.608023139 

Bellingen (A) 3.29  Berri and Barmera (DC) 9.714405712 

Berrigan (A) 1.67  Burnside (C) 778 

Blacktown (C) 680.73  Campbelltown (C) 1015.226337 

Bland (A) 0.31  Ceduna (DC) 0.29260373 

Blayney (A) 2.24  Charles Sturt (C) 1016.058394 

Blue Mountains (C) 26.30  Clare and Gilbert Valleys (DC) 2.271718453 

Bogan (A) 0.08  Cleve (DC) 0.17314896 

Bourke (A) 0.03  Coober Pedy (DC) 9.176319176 

Brewarrina (A) 0.03  Copper Coast (DC) 7.034545219 

Broken Hill (C) 44.50  Elliston (DC) 0.077129593 

Burwood (A) 2617.89  Flinders Ranges (DC) 0.180813168 

Byron (A) 25.63  Franklin Harbour (DC) 0.207940195 

Cabonne (A) 1.05  Gawler (T) 261.5085158 

Camden (A) 207.66  Goyder (DC) 0.269392861 

Canada Bay (A) 2365.48  Grant (DC) 2.114857745 

Carrathool (A) 0.08  Holdfast Bay (C) 1299.130435 

Central Darling (A) 0.01  Kangaroo Island (DC) 0.518984753 

Cessnock (C) 12.05  Karoonda East Murray (DC) 0.114135604 

Clarence Valley (A) 1.85  Kimba (DC) 0.09443401 

Cobar (A) 0.05  Kingston (DC) 0.328762201 

Coffs Harbour (C) 27.24  Light (RegC) 6.047149123 

Coolamon (A) 0.75  Lower Eyre Peninsula (DC) 0.563192341 

Coonamble (A) 0.16  Loxton Waikerie (DC) 0.674660931 

Cowra (A) 1.83  Mallala (DC) 4.72922252 

Dungog (A) 1.83  Maralinga Tjarutja (AC) 7.78938E-05 

Eurobodalla (A) 4.07  Marion (C) 809.8201439 

Fairfield (C) 791.41  Mid Murray (DC) 0.560781938 

Forbes (A) 0.89  Mitcham (C) 435.5761589 

Gilgandra (A) 0.39  Mount Barker (DC) 29.05650858 

Glen Innes Severn (A) 0.64  Mount Gambier (C) 367.1681416 

Goulburn Mulwaree (A) 4.22  Mount Remarkable (DC) 0.387694285 

Greater Hume Shire (A) 0.84  Murray Bridge (RC) 5.069876624 

Griffith (C) 7.50  Naracoorte and Lucindale (DC) 0.975199664 

Gundagai (A) 1.16  Northern Areas (DC) 0.701225638 

APPENDIX 2: WORKFORCE DENSITIES BY LGA 
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Gunnedah (A) 1.14  Norwood Payneham St Peters (C) 1203.509934 

Gwydir (A) 0.24  Onkaparinga (C) 156.5798108 

Hawkesbury (C) 12.17  Orroroo/Carrieton (DC) 0.125233307 

Hay (A) 0.12  Peterborough (DC) 0.188073243 

Hornsby (A) 163.45  Playford (C) 108.4038239 

Inverell (A) 0.80  Port Adelaide Enfield (C) 627.9084967 

Junee (A) 1.20  Port Augusta (C) 4.912177986 

Kempsey (A) 3.06  Port Lincoln (C) 215.3947368 

Kiama (A) 38.51  Port Pirie City and Dists (M) 4.139262793 

Ku-ring-gai (A) 674.75  Prospect (C) 1451.794872 

Kyogle (A) 0.99  Renmark Paringa (DC) 4.772355061 

Lachlan (A) 0.18  Robe (DC) 0.638453788 

Lake Macquarie (C) 141.16  Roxby Downs (M) 20.61538462 

Lane Cove (A) 1921.62  Salisbury (C) 399.5118899 

Leeton (A) 4.25  Southern Mallee (DC) 0.178176844 

Lismore (C) 15.30  Streaky Bay (DC) 0.165839078 

Lithgow (C) 1.87  Tatiara (DC) 0.538056134 

Liverpool (C) 296.59  Tea Tree Gully (C) 531.2710084 

Liverpool Plains (A) 0.64  The Coorong (DC) 0.272938246 

Lockhart (A) 0.47  Tumby Bay (DC) 0.423363681 

Maitland (C) 95.61  Unley (C) 1373.216783 

Mid-Western Regional (A) 1.18  Victor Harbor (C) 13.01612064 

Moree Plains (A) 0.33  Wakefield (DC) 0.857719475 

Mosman (A) 1674.25  Walkerville (M) 1031.428571 

Murrumbidgee (A) 0.26  Wattle Range (DC) 1.366171714 

Muswellbrook (A) 2.15  West Torrens (C) 811.0540541 

Nambucca (A) 4.61  Whyalla (C) 8.84285181 

Narrabri (A) 0.46  Yankalilla (DC) 2.81778251 

Narrandera (A) 0.60  Yorke Peninsula (DC) 0.729879992 

Narromine (A) 0.53  Unincorporated SA 0.002845029 

Newcastle (C) 422.18  Albany (C) 3.910088381 

North Sydney (A) 4000.95  Armadale (C) 71.38695264 

Oberon (A) 0.66  Ashburton (S) 0.084044033 

Orange (C) 66.87  Augusta-Margaret River (S) 3.405107426 

Parkes (A) 1.06  Bassendean (T) 763.3980583 

Parramatta (C) 1367.68  Bayswater (C) 1035.982659 

Penrith (C) 248.58  Belmont (C) 513.6775819 

Port Stephens (A) 34.66  Beverley (S) 0.29951487 

Randwick (C) 1992.34  Boddington (S) 0.475190339 

Richmond Valley (A) 2.94  Boyup Brook (S) 0.279851406 

Ryde (C) 1508.79  Bridgetown-Greenbushes (S) 1.542545237 
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Shellharbour (C) 215.79  Brookton (S) 0.26917312 

Shoalhaven (C) 8.52  Broome (S) 0.145149306 

Singleton (A) 2.36  Bruce Rock (S) 0.157448526 

Strathfield (A) 1506.50  Bunbury (C) 230.3058104 

Sutherland Shire (A) 350.40  Cambridge (T) 619.2272727 

Sydney (C) 4672.10  Canning (C) 722.8197227 

Tamworth Regional (A) 2.79  Capel (S) 15.41674135 

Temora (A) 0.94  Carnamah (S) 0.09369884 

Tenterfield (A) 0.35  Carnarvon (S) 0.05387068 

Tweed (A) 29.40  Chapman Valley (S) 0.170547309 

Upper Hunter Shire (A) 0.82  Chittering (S) 2.202639561 

Uralla (A) 0.86  Claremont (T) 935.2 

Wagga Wagga (C) 6.54  Cockburn (C) 333.6509827 

Walcha (A) 0.23  Collie (S) 2.159316879 

Walgett (A) 0.10  Coolgardie (S) 0.053601428 

Warren (A) 0.12  Coorow (S) 0.111935846 

Warrumbungle Shire (A) 0.29  Corrigin (S) 0.20400552 

Waverley (A) 4030.21  Cottesloe (T) 995.6410256 

Weddin (A) 0.44  Cranbrook (S) 0.164529915 

Wentworth (A) 0.11  Cuballing (S) 0.327114532 

Willoughby (C) 1707.50  Cue (S) 0.005080178 

Wingecarribee (A) 7.98  Cunderdin (S) 0.351696735 

Wollondilly (A) 9.80  Dalwallinu (S) 0.103953269 

Wollongong (C) 138.89  Dandaragan (S) 0.22677156 

Woollahra (A) 2355.28  Dardanup (S) 13.13046786 

Yass Valley (A) 2.08  Denmark (S) 1.335089795 

Alpine (S) 1.19  Derby-West Kimberley (S) 0.022620014 

Ararat (RC) 1.18  Donnybrook-Balingup (S) 1.716776716 

Ballarat (C) 65.13  Dowerin (S) 0.17175675 

Banyule (C) 997.50  Dumbleyung (S) 0.134688091 

Bass Coast (S) 15.47  Dundas (S) 0.00360661 

Baw (S) 5.58  East Fremantle (T) 1271.612903 

Bayside (C) 1295.91  East Pilbara (S) 0.01640848 

Benalla (RC) 2.54  Esperance (S) 0.149093141 

Boroondara (C) 1446.79  Exmouth (S) 0.225952128 

Brimbank (C) 723.59  Fremantle (C) 793.7894737 

Buloke (S) 0.32  Gingin (S) 0.717803266 

Campaspe (S) 3.71  Gnowangerup (S) 0.145838218 

Cardinia (S) 37.08  Goomalling (S) 0.257164651 

Casey (C) 362.91  Gosnells (C) 460.6755695 

Central Goldfields (S) 3.12  Halls Creek (S) 0.006500778 
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Colac-Otway (S) 2.89  Harvey (S) 7.32924288 

Corangamite (S) 1.69  Irwin (S) 0.636052843 

Darebin (C) 1415.81  Jerramungup (S) 0.089420152 

East Gippsland (S) 0.87  Joondalup (C) 857.3407482 

Frankston (C) 522.92  Kalamunda (S) 90.42861548 

Gannawarra (S) 1.24  Kalgoorlie/Boulder (C) 0.165657746 

Glen Eira (C) 1909.87  Katanning (S) 1.2336978 

Glenelg (S) 1.42  Kellerberrin (S) 0.265740837 

Golden Plains (S) 3.96  Kent (S) 0.053514917 

Greater Bendigo (C) 17.33  Kojonup (S) 0.337427499 

Greater Dandenong (C) 518.94  Kondinin (S) 0.067465864 

Greater Geelong (C) 88.65  Koorda (S) 0.069554779 

Greater Shepparton (C) 11.91  Kulin (S) 0.089639535 

Hepburn (S) 4.54  Lake Grace (S) 0.060237416 

Hindmarsh (S) 0.32  Laverton (S) 0.003622532 

Hobsons Bay (C) 699.52  Leonora (S) 0.021776526 

Horsham (RC) 2.25  Mandurah (C) 199.1023442 

Hume (C) 176.19  Manjimup (S) 0.627773984 

Indigo (S) 3.84  Meekatharra (S) 0.004870819 

Kingston (C) 857.22  Melville (C) 946.5784499 

Knox (C) 719.33  Menzies (S) 0.001982098 

Latrobe (C) 22.90  Merredin (S) 0.478778311 

Loddon (S) 0.45  Mingenew (S) 0.123520595 

Macedon Ranges (S) 13.01  Moora (S) 0.31650279 

Manningham (C) 496.65  Morawa (S) 0.094570729 

Mansfield (S) 1.02  Mosman Park (T) 1005.813953 

Maribyrnong (C) 1455.38  Mount Magnet (S) 0.011978554 

Maroondah (C) 944.06  Mount Marshall (S) 0.027688864 

Melbourne (C) 1956.20  Mukinbudin (S) 0.082873734 

Melton (C) 123.17  Mundaring (S) 29.01896766 

Mildura (RC) 1.10  Murchison (S) 0.00126537 

Mitchell (S) 6.82  Murray (S) 4.169650719 

Moira (S) 3.07  Nannup (S) 0.190575985 

Monash (C) 1071.52  Narembeen (S) 0.11105277 

Moonee Valley (C) 1420.49  Narrogin (S) 1.352908723 

Moorabool (S) 7.36  Nedlands (C) 526.5816327 

Moreland (C) 1691.51  Ngaanyatjarraku (S) 0.002446476 

Mornington Peninsula (S) 98.02  Northam (S) 3.313303522 

Mount Alexander (S) 5.22  Northampton (S) 0.118067237 

Moyne (S) 1.46  Nungarin (S) 0.097770154 

Murrindindi (S) 1.62  Peppermint Grove (S) 656.3636364 
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Nillumbik (S) 78.72  Perenjori (S) 0.047702797 

Northern Grampians (S) 0.89  Perth (C) 1032.554745 

Port Phillip (C) 2936.23  Pingelly (S) 0.353004789 

Pyrenees (S) 0.83  Plantagenet (S) 0.466503988 

Queenscliffe (B) 125.58  Port Hedland (T) 0.403972395 

South Gippsland (S) 3.89  Quairading (S) 0.195349298 

Southern Grampians (S) 1.14  Ravensthorpe (S) 0.083927737 

Stonnington (C) 2320.70  Rockingham (C) 236.031068 

Strathbogie (S) 1.39  Sandstone (S) 0.001318804 

Surf Coast (S) 9.43  Serpentine-Jarrahdale (S) 15.37838438 

Swan Hill (RC) 1.48  Shark Bay (S) 0.018180766 

Towong (S) 0.42  South Perth (C) 1129.949495 

Wangaratta (RC) 3.63  Stirling (C) 1065.463228 

Warrnambool (C) 136.18  Subiaco (C) 1533.035714 

Wellington (S) 1.77  Swan (C) 65.56940184 

West Wimmera (S) 0.21  Tammin (S) 0.161568485 

Whitehorse (C) 1248.96  Three Springs (S) 0.104641096 

Whittlesea (C) 194.85  Toodyay (S) 1.186450698 

Wodonga (RC) 44.74  Trayning (S) 0.085998062 

Wyndham (C) 197.83  Upper Gascoyne (S) 0.001470336 

Yarra (C) 2748.46  Victoria Park (T) 1069.497207 

Yarra Ranges (S) 31.60  Victoria Plains (S) 0.184241474 

Yarriambiack (S) 0.38  Wagin (S) 0.409002158 

Unincorporated Vic 1.60  Wandering (S) 0.115552287 

Aurukun (S) 0.05  Wanneroo (C) 142.5098785 

Balonne (S) 0.07  Waroona (S) 2.14011055 

Banana (S) 0.26  West Arthur (S) 0.153965676 

Barcoo (S) 0.00  Westonia (S) 0.052117853 

Boulia (S) 0.00  Wickepin (S) 0.180802587 

Brisbane (C) 455.97  Williams (S) 0.23039875 

Bulloo (S) 0.00  Wiluna (S) 0.002184258 

Burdekin (S) 1.65  Wongan-Ballidu (S) 0.213069448 

Burke (S) 0.00  Woodanilling (S) 0.19135365 

Carpentaria (S) 0.01  Wyalkatchem (S) 0.131702728 

Cherbourg (S) 8.10  Wyndham-East Kimberley (S) 0.030928203 

Cloncurry (S) 0.03  Yalgoo (S) 0.007048427 

Cook (S) 0.02  Yilgarn (S) 0.021295615 

Croydon (S) 0.00  York (S) 0.698536311 

Diamantina (S) 0.00  Brighton (M) 42.11448598 

Doomadgee (S) 0.19  Burnie (C) 13.76432079 

Douglas (S) 2.39  Central Coast (M) 10.17361483 
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Etheridge (S) 0.01  Central Highlands (M) 0.112121668 

Flinders (S) 0.02  Circular Head (M) 0.771743569 

Gold Coast (C) 210.08  Clarence (C) 68.56878307 

Hinchinbrook (S) 1.73  Derwent Valley (M) 1.02723887 

Hope Vale (S) 0.35  Devonport (C) 94.80682839 

Ipswich (C) 85.35  Dorset (M) 0.858071506 

Kowanyama (S) 0.14  Flinders (M) 0.233897626 

Livingstone (S) 1.43  George Town (M) 3.818487909 

Lockhart River (S) 0.06  Glamorgan/Spring Bay (M) 0.671785769 

Logan (C) 151.11  Glenorchy (C) 172.4112304 

McKinlay (S) 0.01  Hobart (C) 333.7612323 

Mapoon (S) 0.21  Huon Valley (M) 1.241783782 

Mareeba (S) 0.17  Kentish (M) 2.270368448 

Mornington (S) 0.33  King Island (M) 0.752030665 

Mount Isa (C) 0.22  Kingborough (M) 23.88557145 

Murweh (S) 0.05  Latrobe (M) 7.981681932 

Napranum (S) 0.11  Launceston (C) 21.23938879 

Noosa (S) 27.11  Meander Valley (M) 2.697850366 

Palm Island (S) 9.60  Northern Midlands (M) 1.139758145 

Paroo (S) 0.02  Sorell (M) 11.5898578 

Pormpuraaw (S) 0.06  Southern Midlands (M) 1.051424202 

Quilpie (S) 0.01  Tasman (M) 1.286903861 

Richmond (S) 0.02  Waratah/Wynyard (M) 1.633813173 

Torres (S) 1.69  West Coast (M) 0.183440288 

Townsville (C) 25.43  West Tamar (M) 15.23223846 

Weipa (T) 204.54  Alice Springs (T) 39.78638999 

Winton (S) 0.01  Darwin (C) 396.5408805 

Woorabinda (S) 0.60  Katherine (T) 0.577353504 

Wujal (S) 7.71  Palmerston (C) 345.7495256 

Yarrabah (S) 3.95  Unincorporated NT 0.18933805 

Adelaide (C) 675.00    

 

 


