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The Productivity Commission’s task 

The Australian Government's independent research and advisory body on a range  
of economic, social and environmental issues affecting the welfare of Australians 

Transitioning Regional Economies study (2017) 
 
Examines the regional geography of Australia's economic transition 
since the mining investment boom to identify: 
•  regions that face challenges in successfully transitioning  
•  factors that influence their capacity to adapt 
 
Establishes an economic metric, combining a series of indicators to 
assess the degree of economic dislocation/engagement, transitional 
friction and local economic sustainability for regions across Australia 
and rank those regions to identify those most at risk of failing to adjust 
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Our approach 

(1)  Functional economic regions 
 
(2)  Index of relative adaptive capacity 

Develop a single economic metric to  
rank regions by their adaptive capacity 



Functional economic regions 
(FERs) 
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Considerations in defining regions 

Functional economic regions 

Economic and 
social linkages 

Data availability Usefulness to 
policymakers 

Australia-wide 



6 

Using FERs to reflect economic and social linkages 

Functional economic regions 
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FERs for regional transitions and development 

Functional economic regions 

FERs are preferred to  
statistical or administrative boundaries for thinking about  

regional transitions and development 
because they reflect  

economic and social linkages  
between geographic areas and thus the need for  

coordinated policy responses	
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Creating FERs using ‘journey to work’ data 

Functional economic regions 

ABS 2011 Census data 
 

Matrix of journey to work flows (T) 
between 2196 geographic Statistical Area Level 2 (SA2) units  
of the 2011 Australian Statistical Geography Standard (ASGS) 

Intramax method 
 

(Based on Masser and Brown, 1975; Stimson et al., 2015) 

A hierarchical clustering algorithm where the two areas with the 
strongest commuting links get grouped together at each iteration 

The objective function finds the maximum difference between 
observed (o) and expected (e) travel flows (in both directions)  

between a pair of areas (i and j) 

𝐦𝐚𝐱  (𝒐↓𝒊𝒋 − 𝒆↓𝒊𝒋 )+(𝒐↓𝒋𝒊 − 𝒆↓𝒋𝒊 ) ,  𝒊≠𝒋  



Step  Total number of regions 

1.  Original SA2s 2196 

2.  Grouping greater capital city areas 1039 

3.  Intramax procedure for each state and territory 
(except NSW–ACT) 131 

4.  Aggregating SA2s with only one-way journey to 
work flows 114 

5.  Aggregating SA2s that shared a border with 
only one other region 106 

6.  Aggregating SA2s to the region containing their 
closest service centre 89 

7.  Manual adjustments 89 
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Steps in constructing FERs 

Functional economic regions 

Step  Total number of regions 

1.  Original SA2s 2196 

2.  Grouping greater capital city areas 1039 

3.  Intramax procedure for each state and territory 
(except NSW–ACT) 131 

4.  Aggregating SA2s with only one-way journey to 
work flows 114 

5.  Aggregating SA2s that shared a border with 
only one other region 106 

6.  Aggregating SA2s to the region containing their 
closest service centre 89 

Step  Total number of regions 

1.  Original SA2s 2196 

2.  Grouping greater capital city areas 1039 

3.  Intramax procedure for each state and territory 
(except NSW–ACT) 131 

Step  Total number of regions 

1.  Original SA2s 2196 

2.  Grouping greater capital city areas 1039 

Step  Total number of regions 

1.  Original SA2s 2196 



FER (89) SA2 (2197)

Christmas IslandCocos (Keeling) Islands

Lord Howe Island

Norfolk Island

 (including Norfolk Island) 
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FERs and constituent SA2s 

Functional economic regions 

Number of FERs 

NSW–ACT 23 

Vic 11 

Qld 11 

SA 11 

WA 14 

Tas 7 

NT 9 

Other 3 

Total 89 
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FERs for transitions and development in the real world 

Functional economic regions 

Further analysis and  
consultation between governments and communities  

is required to develop FERs that take into account  
additional connections between areas  

(such as social and cultural connections) 



Index of relative adaptive capacity 
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Adaptive capacity vs resilience outcomes 

Index of adaptive capacity 

Circumstances 
 

Likelihood and nature of disruptions 
Options for workers, businesses  

and families 

Adaptive capacity 
 

Ability of individuals and businesses 
to respond to disruptions 

Resources available to individuals 
and businesses 

 

 
Resilience outcomes 

(Based on ABARE-BRS, 2010; Sensier, Bristow and Healy, 2015) 
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The five capitals plus framework 

Index of adaptive capacity 

Adaptive 
capacity 

Human 
capital 

Financial 
capital 

Physical 
capital 

Natural 
capital 

Social 
capital 

Plus  
Other 
factors 

(Based on ABARE-BRS, 2010; Dinh et al., 2016; Nelson et al., 2009) 
 



PCA creates a new set of variables called principal components (PCs) 
— linear combinations of the original variables that are uncorrelated with  

each other and capture the total variation in the original dataset  

The first PC accounts for the most variation in the original dataset,  
the second PC accounts for the second most, … 

The first few PCs can be retained for further analysis  
(rather than the full set of original data) 
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Data reduction using principal component analysis (PCA) 

Index of adaptive capacity 

𝑃𝐶↓𝑝𝑖 = 𝑤↓1𝑝 𝑋↓1𝑖 + 𝑤↓2𝑝 𝑋↓2𝑖 +…+𝑤↓𝐾𝑝 𝑋↓𝐾𝑖  
 

�  𝑃𝐶↓𝑝𝑖  is the 𝑝↑𝑡ℎ  PC estimated for observation 𝑖  
�  𝑋↓𝑘𝑖  is the standardised value of the 𝑘↑𝑡ℎ  variable for observation 𝑖  
�  𝑤↓𝑘𝑝  is the estimated weight attached to the 𝑘↑𝑡ℎ  variable of the 𝑝↑𝑡ℎ  

PC 



e.g. Indexes of socioeconomic disadvantage, vulnerability, resilience, adaptive capacity 
(ABARE-BRS, 2010; ABS, 2013; Dinh et al., 2016; Krishnan, 2010; Nelson et al., 2009) 
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Creating indexes using PCA 

Index of adaptive capacity 

Our approach 
 

1.  Run a single PCA that includes all indicators of adaptive capacity 

2.  Retain a number of PCs such that they account for at least 70% of 
total variation 

3.  Combine retained PCs by standardising, summing and weighting 
by their shares of variance explained — PCs that account for more 
of the variance in the original dataset contribute more to the index 

4.  Standardise resulting aggregate index scores to ease interpretation 
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Regions and data sources 

Index of adaptive capacity 

Regions included 

SA2-level data were aggregated up to the FER level 

77 FERs had sufficient data to be included 

Data sources 

ABS 2016 Census of Population and Housing 
(with ABS in-posted officer) 

ABS.Stat and other ABS catalogues 

Australian Urban Research Infrastructure Network (AURIN) Portal 

Social Health Atlases of Australia 

CoreLogic property prices 
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Adaptive capacity indicators 

Index of adaptive capacity 

Capital type Indicators 
Human (16) •  Proportion of people aged 15–64 who have completed year 12 or higher 

•  Proportion of people aged 15–24 fully engaged in work or study 
•  Proportion of employed people in high‑ to medium‑skilled occupations (loosely 

corresponding with a Certificate III or IV qualification or above) 
•  Proportion of the labour force who are employed 
•  Proportion of people aged 15–64 who were working or looking for work 
•  Ratio of long‑term Newstart Allowance recipients to population aged 15–64 
•  Proportion of people aged 15–64 
•  Proportion of people who identify as Indigenous  
•  Ratio of patent applicants to population 
•  Ratio of trademark applicants to population 
•  Business entry rates 
•  Business exit rates 
•  Ratio of Disability Support Pension recipients to population aged 15–64 
•  Estimated proportion of people aged 15+ who self‑assessed their health as better than fair  
•  Estimated proportion of people aged 18+ with high or very high psychological distress 
•  Estimated proportion of people aged 18+ with at least one of four health risk factors 

Financial (6) •  Proportion of households with equivalised household income greater than $1250 a week 
•  Ratio of total investment income to population 
•  Ratio of government income support recipients to population 
•  Weighted average of median house and unit sale prices 
•  Proportion of households who live in an owner‑occupied dwelling with or without a mortgage 
•  Estimated proportion of households that are in the bottom 40 per cent of the distribution of 

equivalised household income and are paying more than 30 per cent on mortgage or rent 
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Adaptive capacity indicators (cont.) 

Index of adaptive capacity 

Capital type Indicators 
Physical (4) •  Remoteness, based on Accessibility/Remoteness Index of Australia 

•  Proportion of households that access internet from the dwelling  
•  Ratio of mean value of non residential building approvals over 2014–16 to population  
•  Estimated proportion of people aged 18+ who do not find it difficult getting to places needed 

with transport 

Natural (3) •  Proportion of employed people working in agriculture industry 
•  Proportion of employed people working in mining industry 
•  Proportion of land as national parks or nature reserves 

Social (7) •  Proportion of people who volunteered 
•  Estimated proportion of people aged 18+ who are able to get support in times of crisis from 

persons outside the household 
•  Estimated proportion of people aged 18+ or their partner who provide support to other 

relatives living outside the household 
•  Estimated proportion of people aged 18+ who felt very safe or safe walking alone in local 

area after dark 
•  Estimated proportion of people aged 18+ who felt they had experienced discrimination or 

unfair treatment in the past 12 months 
•  Estimated proportion of people aged 18+ who do not disagree with acceptance of other 

cultures 
•  Estimated proportion of people who are homeless 

Other (3) •  Herfindahl index of industry diversity 
•  Proportional change in population aged 15–64 over five years 
•  Proportion of people who travel to work in a different region 
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Creating the index of relative adaptive capacity 

Index of adaptive capacity 

PCA 

39 indicators 

39 principal components 

5 retained principal components 

27% 25% 12% 6% 5% = 75% cumulative  
   variation explained 

Standardised, summed and weighted by shares of variance explained 

1 single metric 



21 

Contributions of each capital type to the index 

Index of adaptive capacity 
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High uncertainty in adaptive capacity rankings 

Index of adaptive capacity 

Least adaptive
(13 FERs)

Below average
(27 FERs)

Above average
(27 FERs)

Most adaptive
(10 FERs)

-4

-2

0
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0 20 40 60 80
Index ranking

In
de

x 
sc

or
e

Major cities Inner regional Outer regional Remote and very remote

Index values for each FER and their 90 per cent confident intervals  
(calculated through a bootstrapping technique) 

(Least (most) adaptive regions are below (above) one standard deviation of the mean index value) 

Regions in the Pilbara (WA)  
with high mining employment 
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Using the index of relative adaptive capacity 

Index of adaptive capacity 

✘	
The index should not be used for policy proposals such as 
allocating funds for structural adjustment or development 

Index scores and rankings change when  
different regions and indicators are included in the index 

Outcomes are affected by regions’ circumstances,  
which are not included in the index 

✔	
The index can be used 

to explore broad themes and patterns of adaptive capacity 

as a ‘litmus test’ to identify regions potentially at risk  
of failing to adapt to changes in economic conditions 



   Least adaptive
   Below average
   Above average
   Most adaptive
   Not estimated
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Relative adaptive capacity of Australia’s regions, 2016 

Index of adaptive capacity 

   Least adaptive
   Below average
   Above average
   Most adaptive
   Not estimated
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Remote and outer regional areas feature strongly  
in the least adaptive category… 

Index of adaptive capacity 

Regions by remoteness Population by remoteness

All Least adaptive All Least adaptive
0

25

50

75

100

All regions/least adaptive regions

Pe
r c

en
t

Major cities Inner regional Outer regional Remote and very remote

Remote and outer regional areas feature strongly
in the least adaptive category...
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… but very few people live in the least adaptive regions 

Index of adaptive capacity 

0 25 50 75 100
Per cent of population

Most adaptive Above average Below average Least adaptive

... but very few people live in the least adaptive regions
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Further themes and patterns of adaptive capacity 

Index of adaptive capacity 

For urban regions, adaptive capacity is strongly 
shaped by people-related factors (education, skills, 
employment, income, community cohesion) 

For remote regions, adaptive capacity is shaped by 
people-related factors and physical factors 
(accessibility to services and infrastructure) 

Mining regions had lower adaptive capacity as mining 
employment negatively contributes to the index, and 
due to factors such as physical and social capital 

Agricultural regions had a diverse range of adaptive 
capacity results, reflecting their differences in human, 
financial and social capital 



Finishing off 
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Transitioning Regional Economies study 

Finishing off 

Productivity Commission 2017, Transitioning Regional Economies, Study Report, Canberra.  
http://www.pc.gov.au/inquiries/completed/transitioning-regions  

Some recommendations 
State, territory and local governments should have  

primary responsibility for regional development policy  

State and territory governments should develop FERs for guiding regional  
policy and planning, in consultation with local governments and communities 

State and territory governments should ensure that each FER  
has a nominated entity that develops a credible regional strategic plan  
that identifies capabilities, attributes and priority actions and projects 

Government funding for regional development  
should be subject to independent, rigorous and transparent evaluation,  

and should be directed at areas identified in regional strategic plans 

Specific adjustment assistance should be reserved for extreme events,  
targeted at people who are least likely to make a successful transition  

and focused on improving employment prospects 



Questions? 



Extra slides 
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Intramax example: observed and expected flows 

Functional economic regions 

Panel 1: Observed journey to work flows (𝒐↓𝒊𝒋 = 𝒕↓𝒊𝒋 ) 

Destination (j) 
 

Origin (i)  
Place A Place B Place C Total outflows 

Place A 20 2 8 30 
Place B 23 5 12 40 
Place C 7 3 20 30 
Total inflows 50 10 40 100 

Panel 2: Expected journey to work flows (𝒆↓𝒊𝒋 =𝒏×𝑷(𝒕↓𝒊∗ )×𝑷(𝒕↓∗𝒋 )= 𝑻↓𝒊∗ 𝑻↓∗𝒋 /𝒏 ) 

Destination (j) 
 

Origin (i)  
Place A Place B Place C Total outflows 

Place A 15 3 12 30 
Place B 20 4 16 40 
Place C 15 3 12 30 
Total inflows 50 10 40 100 
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Intramax example: grouping areas 

Functional economic regions 

Panel 3: Objective function for each pair of places ((𝒐↓𝒊𝒋 − 𝒆↓𝒊𝒋 )+(𝒐↓𝒋𝒊 − 𝒆↓𝒋𝒊 )) 

Pair of places Objective function 

Place A – Place B (2−3)+(23−20)=   𝟐 

Place A – Place C (8−12)+(7−15)=   −12 

Place B – Place C (12−16)+(3−3)=   −4 

Panel 4: Updated matrix of observed journey to work flows 
Destination (j) 

 
Origin (i)  

Place A – Place B  Place C Total outflows 

Place A – Place B 50 20 70 

Place C 10 20 30 

Total inflows 60 40 100 
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