GISERA

Gas Industry Social and
Environmental Research Alliance

Assessing linkages between regional
economic indicators and CSG industry

activity in NSW 2001-2011

Milestone 3
A report of the Analysing Economic and Demographic Trajectories in NSW Regions

Experiencing CSG Development Project

Raymundo Marcos-Martinez, Tom Measham, David Fleming, Darran King

' New South Wales

L B AN
N . 9 PSERY
\D ;L {;/\M\ WN"L/ ! CSG wells
I~} ¢ T )
(‘“"\- e @ Exploration
%M e
\7 ’3“ < Pilot

O Production

ZIAO \\ § SA2 Control group
N o - SA2 Treatment group

| )
Kilometers \(
Se NAGL ) =
@gﬁéu;\ . Energy in
LS action”

ongin
GISERA, GPO Box 2583, Brisbane QLD 4001, Australia

Australian Government

Department of Industry,
Innovation and Science

Santo

Wve have the energy.

Qs

QGC




Document control

GISERA

Gas Industry Social and
Environmental Research Alliance

Version Date Description Author Approved
RMM-TM-
1 18/08/2017 Firstdraft
DF-DK
RMM-TM-
2 31/08/2017  Seconddraft
DF-DK
RMM-TM-
3 15/10/2017  Third draft
DF-DK
RMM-TM-
4 26/10/2017 Fourth draft
DF-DK
RMM-TM-
5 27/10/2017  Fifth draft
DF-DK
6 20/10/2017  Final DJB




Economic baseline for NSW CSG regions

ISBN (print): 978-1-4863-0943-6
ISBN (online): 978-1-4863-0944-3

The Gas Industry Social and EnvironmentalResearch Alliance (GISERA) undertakes publicly -
reportedresearchthataddressesthe socioeconomic and environmental impacts of Australia's
natural gas industries.

GISERA was co-founded by CSIRO and Australia Pacific LNGinJuly 2011. For further information
visitgisera.csiro.au.

Citation

Marcos-Martinez, R., Measham, T., FlemingD. A., King, D. (2017) Assessinglinkages between
regional economic indicators and CSGindustry activityin NSW 2001-2011: Reportto the Gas
Industry Social and Environmental Research Alliance (GISERA). CSIRO, Canberra.

Copyright

© 2017 CSIRO To the extent permitted by law, all rights are reserved and no part of this
publication covered by copyright may be reproduced or copiedinany form or by any means
exceptwith the written permission of CSIRO.

Important Disclaimer

The partners in GISERA advise thatthe information contained inthis publication comprises general
statements based onscientific research. The readeris advised and needs to be aware thatsuch
information may be incomplete orunable tobe usedinanyspecific situation. Noreliance or
actions musttherefore be made on thatinformation without seeking priorexpert profe ssional,
scientificand technical advice. Tothe extent permitted by law, GISERA (includingits partners,
employees and consultants)excludes all liability to any person for any consequences, including but
not limitedto all losses, damages, costs, expenses and any othercompensation, arisingdirectly or
indirectly from usingthis publication (in partor inwhole) and anyinformation or material
containedinit.

Cover image

Detail from map produced by Raymundo Marcos-Martinez, © CSIRO


https://gisera.csiro.au/

Contents

GlOSSANY .. iieeuiiiiiiiiieieiittieietraeeerenssestenesstenassesesnssssensssssensssssenssssstenssssensssssennssssennssessenssaseenassnann iii
ACKNOWIEAZEMENTS .....ceeneiieieiirreneeiteenetteenereensneeeensseereenseesrassesesnssesssnssessensssssenassesenssssssnsnesesnnne iv
EXECULIVE SUMIMAIY ...ceuiieeniienireeereencrenerasereaserenserensersasessnsssensseassssnssesnssssassssassesnssssnsssensesansesansenen 1
I 1 o o (¥ Tt ' o N 2
7 |/ =3 1 3T T LN 3
2.1 Treatmentand control Group SEIECTION......cccuueiiiiiiii i 3
2.2 Statistical analysis of inCOmMe Patterns .......coevuiiiiiii i 5
2.2.1 Spatial panel data with random effects model ........ccooovviiiiiiniiiiiii e 5

2.2.2 Spatial dependence across SA2 regions inthestudyarea ........c.cccceeeeiviveeeeennnnennn. 6

2.3 Employment multiplier effects of CSG activity.........ceeeeiiiiiiiiiiieiiiecee e, 8

T D T | - TN 9
I =Y | L (3 13
4.1 Income effects @aNalYSIS ....cooviviiiiei e aees 13
4.2 Employment multiplier effects of CSG actiVity.....o.oovvviiiiiiieeiiice e 17

LT 0 T o1 T3 oo Y 19
5.1 CSGdevelopmentand regional incOmMe dyNamiCs ........ceeeivrrireieeiiieeierieeeeieeeeerieneererieenes 19
5.2 LIMITATiONS...ciiiiiiiiiii it e 20

I 0o T4 Vol 11T o T 21
7 (1 (=T =T TN 22
8 Appendix. Maps of explanatory variables. ........cveeiieeriiiiiniienieniieiienienreeeeereeeniertennesenseesenns 25
8.1 Soiland topographic factors. ....ccouui i i 25
I A O 11 0 =Y (ol o =Y = L 11 <] 1R 27
8.3 S0CinecoNOMIC INAICATONS ...eiiiiiiiiiiiiiiieeee ettt e e e e e e 29

List of figures

Figure 1. SA2 regions in the treatmentand control Eroups. .........covvvviiiiniiiiiiiiiiie e, 5
Figure 2. Graph-based generation of the spatial weight matriX. .......c.coevveeeiiiiiiiiiiiiiniinereeeeeeeian, 7
Figure 3. Observed and estimated personal and family income (2001-2011 mean)...................... 16

Figure 4. Contribution of spatial effects and unobserved heterogeneity inthe modelling of median
personal and family iNCOME dyNamICS..........uuiiiiiiiiiiiiie e e e e et e e e e eaaaaes 17

Raymundo Marcos-Martinez, Tom Measham, David Fleming, Darran King i



Figure 5. CSG wells drilled per year and cumulative values. ...........cceoveieviiieiiiiinieiiieeeeeie e, 20

List of tables

Table 1. SA2 regions with CSG activity (wells drilled per period and cumulative numbers). ............. 4
Table 2. Average region specific characteristics related to land and human capital productivity. ....9
Table 3. Summary statistics for continuous variables used in the statistical analysis. .................... 12

Table 4. Percentchangeinpersonalincome associated witha 1% changeineach continuous
variable orrelative 10 NON-CSG rEZIONS. .. ..cuvuieiiiii et et e e et e e et e e e et e e e eeteeesesaeeees 14

Table 5. Percentchangeinfamilyincome associated witha 1% change ineach continuous variable
(o]l (=1 R U AVZ=I o Mg Yo g B O C ¢ T={ 1o o RPN 15

Table 6. Results of statistical analysis of CSG employment multiplier effects duringthe period
00 1 e 0 RN 18

Raymundo Marcos-Martinez, Tom Measham, David Fleming, Darran King i



Glossary

Term Explanation

CSG Coal seamgas

Delaunay triangulation neighbours Triangle-based approximation of s patial dependence across spatial
units.

Gabriel graph neighbours Subset of the Delaunay neighbourhood that removes s patial linkages

among regions located beyond some threshold distance.

Instrumental variable Avariablezis aninstrumentfor thevariablex intheregressiony =
Bx +u if zis uncorrelated with theerrortermand zis correlated with
X. Instrumental variables are used to address issues of omitted
variables, reverse causality,and measurementerrors.

Income dynamics Spatial andtemporal changes in medianfamily or personalincome
across SA2 regions.

Job multiplier effects Spillover effects on employment acrossnon-mining industries
attributable to jobsinthe CSGindustry.

Multicollinearity Two or more explanatory variables are linearlydependent, i.e.
correlated.
Non-CSG well Drillholes excavated for non-CSGmining (e.g. oil or coalexploration,

profilingor production).

NSW State of New South Wales

CSGregions Regions inthe State of New South Wales where CSG production,
profilingandexplorationwells were registered with the NSW
Governmentduring the period 2001-2011

SA2 Statistical Area level 2 arelocations defined by the Australian
Bureau of Statistics forthe reportingof social and economicdata.
SA2 purposeis to delimit communities thatinteract sociallyand
economically.

Seemingly Unrelated Regressions A system of linear regressions with correlated errorterms.

Spatial panel data Data containing time series observations of a number of s patial units
(e.g. SA2 regions).

Spatial regression model Statistical analysis of the effect of explanatoryvariables (X) ona
dependentvariable (Y) whereX, Y or both are spatially explicit.

Spatial weights matrix A matrix representation of the spatial relationships (dependence)
thatexistsacross the units of analysis (SA2 regions).

Unobserved heterogeneity Factorsthatvary across regions for which datais not readily available
to include in a statistical model (e.g. farmers’ experience on
agricultural production).

Variance Inflation Factors Indicator of the severity of multicollinearity in a set of explanatory
variables.
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Executive summary

This report documents the assessment of the statistical associations between CSG industry
activity and regional economic indicators observed in New South Wales during the periods
2001-2011. It is based on econometric analysis of income and sectoral employment dynamics
in regions which experienced CSG activity (treatment group) relative to regions without CSG
wells (control group). The treatment group in our analysis includes twenty-four rural regions
which each had at leasttwo wells drilled during the period 2000-2011. The control group is
composed of 114 rural regions with population density distributions similarto those observed
in the treatment group in 2001. Treatment and control regions have similar average
socioeconomic and environmental characteristics. The report is one milestone within a larger
‘baseline’ project which was developed in response to stakeholder demand to establisha point
of comparisonin case of any potential future CSG industry activity in NSW.

Spatiotemporal income fluctuations are influenced by multiple environmental, institutional
and socioeconomic parameters. To control for some of those factors we used spatially explicit
information on variables that influence farm income returns (e.g. soil characteristics,
topography, and climate). Time series data of parameters related to the productivity of human
capital (e.g. work experience, education) and non-CSG mining revenue (coal prices and non-
CSG wells) were also included in the analysis. We applied statistical methods (spatial panel
regressions with random effects) to control for spatially dependent unobserved factors.

Everything else constant, CSG regions had 6.47% and 6.31% higher median personal and family
income thanregionsin the control group, on average. These results were statistically significant at
the 5% level. The estimated income effect is independent of the influence of other factors
associated with changes in rural income patterns (e.g. changes in agricultural profitability,
differences in human capital productivity, and changesinthe pricesof minerals). Thesefindings are
consistentwith assessments ofthe income effects of the CSG construction phase in Queensland. In
contrast, we did not find statistically significant linkages between CSGindustry activity and indirect
employment variations in NSW’s CSG regions. We emphasise that the estimated models are a
reduced-form representation of the complex interlinkages that drive income and employment
patterns. The statistical results in this report only indicate associations between the treatment (CSG
activity) and the assessed economic outcomes (median income level and indirect employment)
under the modelling assumptions applied. A causal inference analysis could help to better
approximate the economic effects of the CSG industry in the study region.

The statistical models generated in this report will be used to project future levels of CSG activity
under alternative scenarios (Milestone 4 report). The data used in this study was obtained from
open access sources (see NCRIS 2017) and the methods are well documented in the spatial
econometric literature. This provides a transparent basis to replicate the analysis.
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1 Introduction

Resource extractive industries are typically associated with additional economic activity and
flow-on effects which can be positive and/or negative (Flemingand Measham 2015). The debate
around economic and social impacts and benefits associated with such industries in regional
areas can be enriched when it draws on empirical data and robust statistical evidence. Past
research conducted by GISERA used empirical data and statistical methods to provide some
evidence of the influence of CSG development on socioeconomic indicators in Queensland
(Measham and Fleming 2014; Fleming and Measham 2015).

In New South Wales (NSW) CSG activity has not experienced the level of intensity observed in
Queensland. While the CSG industry grew rapidly in the Bowen and Surat basins in Queensland
(resulting in the drilling of thousands of wells), in NSW the development of the industry has
been slower with only 430 (mainly exploration) wells drilled between 2000 and 2011.
Differences in growth patterns of the CSG industry canbe explained by differences in estimated
CSG reserves (Marinoni and Navarro Garcia 2016), industry acceptance and regulations among
those States (Roth 2011; Sherval and Hardiman 2014). However, given the relatively slower
rate of CSG development, empirical analysis is requiredto test whether the smallerscale of the
CSG industry in NSW has influenced regional economic trajectories.

To compare regions in NSW that have experienced CSG activity (treatment group) with non-
CSG regions of similarsocioeconomic characteristics (control group), we followed the matching
procedure based on population density documented in the Milestone 2 report of this GISERA
project (Measham and Fleming 2017). Once the treatment and control regions were identified,
a comprehensive dataset of environmental, soil, topographic and socioeconomic variables
associated with agricultural, mining, and human capital productivity and profitability were used
to model personal and family income dynamics in CSG and non-CSG regions and local indirect
employment spillover effects in regions that experienced CSG activity. The results were compared
with published findings for Queensland (Fleming and Measham 2015).

In summary, we document the statistical assessment of income and indirect employment
variation related to CSG activity in NSW using a baseline of environmental, economic and
demographic conditions and state-of-the-art statistical methods. The results contribute to set a
robuststatisticalbaseline to compare future economic and social studies of CSG activity in NSW.
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2 Methods

We followed a two-step process to investigate the relationship between CSG activity and income
dynamics and indirect employment in rural New South Wales during the period 2001-2011. First,
we identified regions affected by CSG activity and selected a control group composed of regions
without CSG wells but with similar characteristics to the CSG regions. We then applied spatial
econometric analysis toassess the linkages between changesin environmental and socioeconomic
factors and spatiotemporal income fluctuations. We also applied regression analysis toinvestigate
potential employment spillover effects associated with CSGactivity. We used the Australian Bureau
of Statistics (ABS) Statistical Area Level 2 (SA2) regions as the spatialunit ofanalysis. This spatial unit
is considered the most robust to privacy concerns while representing a suitably refined degree of
spatial resolution. Socioeconomic and environmental data is publicly available for these areas and
the statistical methods are well documented in the literature (Elhorst 2014; Millo and Piras 2012;
Fleming and Measham 2015; Moretti 2010) which provides an open and transparent way to
reproduce the analysis.

2.1 Treatment and control group selection

The numberandlocation of CSG wells drilled forexploration, appraisal or production (NSW Division
of Resources and Energy 2015) were used to identify regions that experienced CSG activity during
2000-2011. Wellsdrilledin 2000 were includedinthe selectionto allow forone-yearlagged effects
on income dynamics. Thirty SA2 regions experienced CSGactivity during the period 2000-2011 with
the majority of the wells (75%) drilled after 2006 (Table 1). To construct our treatment group we
selected regions with at least two wells drilled during the study period (24 regions) (Fig 1).

While multiple statistical methods could be applied to select regions with similar environmental,
socioeconomic and demographic characteristics to the regions influenced by CSG activity (Stuart
2010), following Fleming and Measham (2015) we identified a set of control regions using the
population density distribution of CSG regions as a matching parameter. This variable was selected
since its valueis an indicator of the size of local labour markets, supply and demand of goods and
services, andinfrastructure developmentamongotherindicators of economic activity. In addition,
changes in population density have been associated with agriculturalland scarcity and declining
farm income (Muyanga and Jayne 2014; Josephson, Ricker-Gilbert, and Florax 2014; Marcos-
Martinezetal. 2017).

We identified 114 rural SA2 regions without CSG activity during the study period and with
population density ranging within the 10™ and 90" percentiles of the distribution observed in the
treatment group in 2001 (i.e. between 0.4 to 80 persons per square kilometre) (Measham and
Fleming2017). This control group was usedto assess changesin personal and familyincome levels
relative to the treatment group (the approximated income effect of CSG activity).
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Table 1. SA2 regions with CSG activity (wells drilled per period and cumulative numbers).

Wells drilled during the period Cumulative number of wells

SA2 region ID 2000-01 2000-2006 2000-2011 2000-01 2000-2006 2000-2011

110031198 3 15 116 3 18 134
110041200 1 6 21 1 7 28
123031446 7 41 22 7 48 70
123031448 1 1 1 2 2
104011081 1 2 1 1 3
112021244 3 9 10 3 12 22
112021245 1 35 1 1 36
112021247 1 1 5 1 2 7
105031099 2 11 2 13
106011113 4 14 4 18
113011257 1 1 1*
102021049 6 6 6
107041147 4 4 4
108051167 5 24 5 29
112021249 1 5 1 6
108011151 8 0 8
127011505 1 0 1*
106011107 1 0 1*
106011109 1 0 1*
106041127 2 0 2
105011094 1 0 1*
105031104 3 0 3
106041129 9 0 9
110031196 9 0 9
110041201 7 0 7
105011096 2 0 2
106031125 2 0 2
111031232 2 0 2
112021248 1 0 1*
127011506 2 0 2
Sum 18 96 316 18 114 430

* SA2 regions with only one well were excluded from the treatment group.
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Figure 1.SA2 regions in the treatmentand control groups.
2.2 Statistical analysis of income patterns

2.2.1 Spatial panel data with random effects model

In addition to population density, multiple environmental and socioeconomic factors influence
spatiotemporal income dynamics in rural areas (Measham and Fleming 2014). For instance,
differences in soil characteristics, topography or climatic conditions influence crop and livestock
productivity and profitability (Marinoni et al. 2012). The age composition of the labour market,
access toservices, workers’ education, etc., influence the productivity (and income returns) of the
human capital. Returns to non-CSG mining (e.g. coal or oil exploration or production)are influenced
by changes in exchange and interest rates, prices of minerals, etc. Information for some of those
parameters is readily available (e.g. in census databases or open access geographic information
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systems such as the Aurin portal, https://aurin.org.au/). However multiple parameters associated
with regional economic patterns are not easy to collect (e.g. work experience, heterogeneous
returns to education or knowledge of farm-specific characteristics that influence profitability).
Additionally, regionaleconomicgrowth is spatiallydependent,i.e. influenced by positive or negative

externalities that cross regional borders (Fingleton and Lopez-Bazo 2006). To estimate the income
effects of CSG in rural regions more accurately, statistical methods should be used to control for
unobserved regional differences and spatial dependence.

We modelled spatiotemporal median personal and familyincome dynamics across CSGand control
regions (N = 138) during the years 2001,2006and 2011 (T = 3) usinga spatial panel data model of

the form: |n(Y)=B'|n(X)+az+u, where Yis a vector of personal or family income values
observedacross the studyarea and time periods; X is a matrix of spatiotemporal covariates; z is a

binaryvectorofidentifiers of CSGregions; ﬁ is a vectorofparameterestimates; « is the coefficient
of the treatment variable; and U is an error component that accounts for the effects of spatially
correlated unobservedvariables (u :(IT ®pW)u +m), unobserved SA2-specific characteristics (

w:(lT I, )p+v), andrandom disturbances (v )(Marcos-Martinezet al. 2017). Here I, and I

are identity matrices of dimension T and N; 1;is a vector of ones of size T; ® indicates the

Kronecker product; Wis a spatial weights matrix of size N ; pis the spatial error correlation
coefficient; ® is a vector that captures unobserved SA2-specific heterogeneity (n) and standard
random normal disturbances (v) (Millo and Piras 2012; Kapoor, Kelejian, and Prucha 2007). Since
the main interest of the income effect analysis was to estimate the magnitude, significance and
direction of the time-invariant identifier of CSG regions, we modelled the unobserved regional
heterogeneity through random effects —i.e. we assumed that p is independent of X. The model
was estimated using R (R Core Team 2017) with the libraries sp/m (Millo and Piras 2012) for spatial

panel regressions, and spdep (Bivand and Piras 2015) for spatial weights matrix generation and
spatial autocorrelation tests.

2.2.2 Spatial dependence across SA2 regions in the study area

Spatial dependence amongunobserved variables across SA2 regions was modelled through distant-
based graph methods under the assumption that neighbouring regions are more likely to have
similar economic and environmental characteristics than regions that are located far apart. To
simulate the spatial dependence across regions we first generated triangle-based links across
regions to approximate regional connectivity (this is technically known as Delaunay triangulation)
(Fig 2a). Then we removed links between distant regions that are unlikely to be spatially related.
This resulted in a spatial weights matrix based on Gabriel graph neighbours (Fig 2b) (Bivand and
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Piras 2015). Symmetry conditions among neighbourhood effects (i.e.if SA2, is a neighbour of SA2,

then SA2, is a neighbour of SA2, ) and normalised weights among regions were enforced.

a) Delaunay triangulation neighbours

O SA2 control regions
O SA2 CSG regions

Figure 2. Graph-based generation of the spatial weight matrix. To approximate the spatial dependence among
neighbouring regions we first generated triangle-based links across regions in the study area (Delaunay
triangulation), and then removed the links between distant regions that are unlikely to be spatially
dependent (Gabriel graph neighbours).
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2.3 Employment multiplier effects of CSG activity.

Local employment spillovers during the CSG exploration and construction phase have been
documentedin Queensland for the period 2001-2011 (Flemingand Measham 2015; Flemingetal.
2016). Although the CSG industry in NSW did not reach a comparable level of activity during that
period we assessed whether the observed CSG activity was related to changes in indirect
employment. Based on Moretti (2010) and Fleming et al. (2016), we first investigated whether
changes in mining employment during the period 2001-2011 were associated with changes in
employment across otherindustries. The job multiplier regressions are represented as:

In(employment, ,,,, )~ In (employment, ,o;, ) = 8, + 4, [In (employment,. o, ) —In (employment, ;.. )] +é

Where In indicates the natural logarithm, employment,, indicates the proportion of workers
employedinindustryiattime t, with i different to mining and t equal to the years 2001 and 2011,
B, is theregressionintercept, f, is the marginal effectonemploymentinindustryiofa one percent
change in mining employment, and &, is a standard random normal error term. Job multiplier

analysisfor 18 industries were run simultaneously using Seemingly Unrelated Regressions (SUR) to
account for the fact that changesin employmentin one industry directly or indirectly influence
employmentinother sectors. The industries consideredinthe indirectemployment analysis were:

=

Agriculture

Manufacturing

Electricity, gas, water and waste services
Construction

Wholesale trade

Retail trade

Accommodation and food services
Transport, postal and warehousing
Information media and telecommunications

00Nk WwhN

=
o

.Financial and insurance services

.Rental, hiring and real estate services

. Professional, scientific and technical services
.Administrative and support services

.Public administration and safety

.Education and training

16.Health care and social assistance

17. Arts and recreation services

18. Other services

O T T N S S Y
U D WN

Additionally, to control for changes in employment in the mining sector unrelated to the CSG
industry (e.g. increasingemploymentin coal production), we also estimated a system of seemingly

8
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unrelated regressions using the number of CSG wells within each SA2 region as an instrumental
variable (IV) (Fleming and Measham 2015). The corresponding SUR-IV model for industry iis:

In (employment, ,,,, ) — In(employment, ,o,, ) = 3, + 3, In(CSG wells,q, )—In(CSG Wells,q, ) |+ ;-

The SUR and SUR-IV systems ofequations were estimated inR (R Core Team 2017) usingtwo-and
three-stage least squares with the package systemfit (Henningsen and Hamann 2007).

3 Data

Based on boundaries of the control and treatment regions (Fig 1) and spatial data of climatic, sail
and topographic characteristics, we estimated average values for parameters associated with crop
and livestock productivity (Table 2). Socioeconomic time series were also collected to account for
human capital parameters (e.g. percentage ofthe labourforce with atleastabachelordegree)and
for variables that influence returns to mining activity (e.g. exchange rates, prices of relevant
minerals). Variance inflation factors were estimated to identify correlation issues among the
collected variables and to inform model selection.

Table 2. Average regionspecific characteristics related to land and human capital productivity.

Variable Description and source Resolution Included

in
regression

Dependentvariables
Personal income Median total personalincome (weekly) (ABS 2011a). 2011/12AUD SA2 Yes
Family income Median total family income (weekly) (ABS 2011a). 2011/12AUD SA2 Yes

Average soil and topographic characteristics

Bulk density Upper 30 cmsoil layer bulk density (ACLEP 2014). Mg/m3 Yes
Clay content Upper 30 cmsoil layer % clay content (ACLEP 2014). % 250m Yes
pH Upper 30 cmssoil layer pH (ACLEP 2014). - 250m

Slope Topographicgradient. degree 95m Yes

Elevation Metres abovesealevel (Gallantetal.2011). metres 95m Yes




Table 2. Average region specific characteristics related to land and human capital productivity

(continued).

Variable

GISERA

Gas Industry Social and
Environmental Research Alliance

Description (source)

Average climatic conditions

Resolution

Included

in
regression

Maximum Average maximumtemperature observed duringthe  °C 0.05° No

temperature(long period 1978-2015.

term mean)

Rainfall (longterm Averageannual rainfall observed during the period mm 0.05° No

mean) 1978-2015.

Rainfall Five-year moving averages of annual rainfall mm 0.05° Yes
(AustralianBureau of Meteorology 2015).

Rainfall variability =~ Five-year moving standard deviations of annual mm 0.05° Yes
rainfall.

Maximum Five-year moving averages of annual average °C 0.05° Yes

temperature maximum temperature (Australian Bureau of
Meteorology 2015).

Maximum Five-year moving standard deviations of annual °C 0.05° Yes

temperature average maximum temperature.

variability

Socioeconomicfactors

Populationdensity Number of people per square kilometre. people/km? SA2 No

Age (and age Median age of persons (ABS 2011a). year SA2 Yes

squared)

Household size Average household size (ABS 2011a). person SA2 No

Education level Number of persons with bachelor, graduate or person SA2 No
postgraduate degree (ABS 2011b).

Labour force Personsaged15 years and over (ABS 2011b). person SA2 No

Higher education = Percentof populationaged 15 yearsand overwithat % SA2 Yes
leasta bachelordegree.

Total employment Total number of persons employedacross industries person SA2 No
(ABS2011c).

Percentemployed Percentemployedinagriculturewithrespecttototal % SA2 Yes

inagriculture employment.

Percentemployed Percentemployed in mining (including gas extraction) % SA2 Yes

inmining with respect to total employment.

Percentemployed Percentemployed in manufacturing with respectto % SA2 Yes

in manufacturing

total employment.

10
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Table 2. Average region specific characteristics related to land and human capital productivity
(continued).

Variable Description (source) Resolution Included

in
regression

Socioeconomicfactors

Percentemployed Percentemployed in other industries with respect to % SA2 Yes
inotherindustries total employment (ABS 2011c).

Mortgage Median mortgage repayment (monthly) (ABS2011a). 2011/12 SA2 No

repayment AUD

Householdincome Median total household income (weekly) (ABS2011a). 2011/12 SA2 No
AUD

Remoteness The Accessibilityand Remoteness Index of Australia score 1km Yes

accessibilityindex  (ARIA)is based on the road distance from populated
localities to urban centres offering publicand private
services (GISCA2001).

CSGregion Categorical variable to indicate regions with coal seam binary SA2 Yes
gas activity (NSW Division of Resources and Energy
2015).

CSG well density Number of CSG wells per 100 square kilometres. Wells per SA2 Yes

100 km?

Non-CSG wel | Number of drillholes for non-CSG mining (e.g. oil or Wells per SA2 Yes

density minerals exploration) per 100 square kilometres. 100 km?

Iron oreprices Average exportunitvalueS$/tonofiron ore (Officeof  2011/12 No
the Chief Economist 2014). AUD

Thermal coal price  Averageexportunitvalue $/tonof thermal coal 2011/12 Yes
(Office of the Chief Economist 2014). AUD

Trade weighted Weighted geometricaverage of thecurrenciesusedin 2011=1 No

index atleast90% of Australia’s two-way merchandise and

services trade (Reserve Bankof Australia, 2014a).

Interestrates Annual interbank interest rate (Reserve Bankof % No
Australia 2014).

Farmers’termsof Ratio of prices received (outputs) to prices paid 2011/12 No

trade (inputs) by Australian farmers (Australian National AUD

Greenhouse Accounts 2013).

Note: SA2 averages of spatial data were computed using zonal statisticsin ArcMap 10.4.

Summary statistics indicate that the distribution of the explanatory variables in the control group
closely matchedthe distribution observed in the treatment group (Table 3). This provides empirical

support to the use of population density as a matching variable. Maps of the spatially explicit
variables used in the analysis are shown in Appendix A.
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Table 3. Summary statistics for continuous variables usedin the statistical analysis.

Variable Mean Standard deviation

CSG Non-CSG CSG Non-CSG
regions regions regions regions

Dependentvariables
Personalincome 474.00 460.00 96.84 95.63 2011/12 AUD
Family income 1198.00 1132.00 319.28 280.38 2011/12 AUD

Average soil and topographic characteristics

Bulk density 1.35 1.38 0.09 0.13 Mg/m3
Clay content 28.76 25.12 12.11 9.34 %

Slope 5.15 4.88 3.71 3.33 degree
Elevation 246.00 339.7 147.92 297.39 metres

Average climatic conditions

Rainfall 908.00 875.00 273.00 378.00 mm
Rainfall variability 172.00 175.00 72.00 103.00 mm
Maximumtemperature 24.10 22.60 1.73 2.12 °C
Maximumtemperature variability 0.49 0.46 0.18 0.17 °C

Socioeconomicfactors

Age 39.20 40.40 4.17 5.67 years
Higher education 8.48 9.81 3.24 4.30 %
Percentemployed in agriculture 18.72 14.05 14.05 11.71 %
Percentemployed in mining 2.60 1.48 5.12 3.33 %
Percentemployed in manufacturing 8.44 8.42 3.75 3.72 %
Remoteness accessibility index 3.6 3.00 2.77 1.74 Score
CSG well density 1.32 0.00 4.00 0.00 Wellsper100 km?
Non-CSG well density 0.53 0.88 1.36 291 Non-CSG wells
per 100 km?
Thermal coal prices (export price) 81.48 81.48 14.55 14.55 2011/12 AUD
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4 Results

4.1 Income effects analysis

Marginal income effects of CSG activity. Estimates forthe CSG regionvariable indicatethat, holding
everythingelse constant, regionsinthe treatmentgrouphad 6.47% and 6.31% higher personaland
family income than regions in the control group, on average (Tables 4 and 5). These results were
statistically significant at the 5% level.

Variables associated with agricultural and non-CSG mining income. Spatiotemporal variations in
climate andsoil characteristics partially explain regional differencesin agricultural returns andland
use allocations (Marcos-Martinezet al. 2017). Although farm income is generally low in Australia
(Vanclay 2003) changes in the profitability of agricultural activities are likely associated with
personal andfamilyincome patterns observed duringthe study period. The results indicate thaton
average regions with higher bulk density had larger personal and familyincome. Elevation also had
a positive but small association with regional family income levels. Increases in annual average
rainfall were negatively associated with changes in both personaland family income levels. Aone
percentincrease in maximum temperature was negatively related to personal income. Increasing
maximum temperature variability was associated with lower medianincome across the study area.
Increasesinthermal coal prices (a variable correlated with other mineral commodities prices) were
related to higherincome levels.

Factors that influence returns to human capital. A one percentincreasein the proportion of the
labour force with at leasta bachelor degree (higher education) was statistically associated with
0.17% higher family and personal income on average. The coefficients of median age and median
age squaredreflectthe non-linearassociation of this variable withincome generation (i.e. increases
in median age improve income levels at a decreasing rate). Regions located in remote areas were
associated with lowerincome levels. Increasesinthe proportion of people employed in agricultural
or manufacturing industries were associated with lower personal and family income.

Other parameters were not statistically different to zero, i.e. the data suggest the corresponding
covariates have not been associated with observed changes inincome indicators.
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Table 4. Percent change in personal income associated with a 1% change in each continuous variable or relative to

non-CSGregions.

Parameters
CSG region
Well density

Estimate

6.4672
0.0003

Average soil and topographic characteristics

Bulk density

Clay content

Elevation

Slope

Average climatic conditions
Rainfall

Rainfall variability
Maximum temperature
Maximum temperature variability
Socioeconomic factors
Higher education

Median age

Median age squared
Remoteness/accessibility index
Agricultural employment
Mining employment
Manufacturing employment
Thermal coal price

Non-CSG well density
Intercept

Error variance parameters

Var. of unobserved heterogeneity/
Var. of random disturbances

Spatial error correlation

R-squared

0.3765
0.0036
0.0082
—0.0050

—0.0630

0.0008
—-0.4015
—0.0188

0.1652
4.3016
—2.4541
—0.0384
—0.0266
0.0001
—-0.0417
0.2770
0.0009
8.8998

10.5583
0.0955
0.9782

Std. Error t-value
2.7301 2.3689
0.0013 0.1985
0.1431 2.6318
0.0343 0.1064
0.0143 0.5728
0.0157 -0.3201
0.0222 —2.8387
0.0058 0.1378
0.1187 —-3.3838
0.0081 -2.3327
0.0153 10.7811
0.1127 38.1694
0.0888 —-27.6281
0.0182 -2.1028
0.0109 -2.4421
0.0022 0.0368
0.0123 -3.3757
0.0327 8.4593
0.0009 0.9639
0.4910 18.1277
1.6456 6.4160
0.0660 1.4477

Pr(>]t[)

0.0183
0.8426

0.0085
0.9153
0.5668
0.7489

0.0045
0.8904
0.0007
0.0197

0.0000
0.0000
0.0000
0.0355
0.0146
0.9706
0.0007
0.0000
0.3351
0.0000

0.0000
0.1477

*%

* %k %k

%k %k %k

% %k %k

* %

%k %k %k

% %k %k

% %k %k

% %k

* %k

* %k %

* %k %

* %%

% %k k

Significance codes: ‘“*** 0.01 ‘**' 0.05 ‘*" 0.1. All continuous variables were log transformed.
Balanced dataset: 414 observations (114 control regions, 24 treatment regions, and 3 periods).
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Table 5. Percent change in family income associated with a 1% change in each continuous variable or relative to
non-CSGregions.

Parameters Estimate Std. Error t-value Pr(>|t])

CSG region 6.3085 2.8308 2.2285 0.0264 **
Well density 0.0026 0.0017 1.5318 0.1256
Average soil and topographic characteristics

Bulk density 0.3278 0.1528 2.1460 0.0319 **
Clay content -0.0307 0.0358 -0.8577 0.3911
Elevation 0.0381 0.0153 2.4954 0.0126 **
Slope 0.0033 0.0167 0.2001 0.8414
Average climatic conditions

Rainfall —0.1253 0.0282 -4.4494 0.0000 ***
Rainfall variability 0.0003 0.0079 0.0403 0.9679
Maximum temperature —-0.0366 0.1343 —-0.2725 0.7852
Maximum temperature variability = —0.0576 0.0111 -5.1878 0.0000 ***
Socioeconomic factors

Higher education 0.1772 0.0171 10.3756 0.0000 ***
Median age 4.4563 0.1330 33.5113 0.0000 ***
Median age squared -2.5146 0.1048 —24.0046 0.0000 ***
Remoteness/accessibility index —-0.1006 0.0197 -5.1178 0.0000 ***
Agricultural employment —-0.0256 0.0125 —2.0563 0.0398 **
Mining employment -0.0022 0.0028 —-0.7895 0.4298
Manufacturing employment —-0.0513 0.0146 -3.5077 0.0005 ***
Thermal coal price 0.2931 0.0404 7.2616 0.0000 ***
Non-CSG density —-0.0007 0.0011 -0.6260 0.5313
Intercept 8.8663 0.5549 15.9794 0.0000 ***

Error variance parameters

Var. of unobserved heterogeneity

/ Var. of random disturbances 6.4219 1.1052 5.8106 0.0000 ***
Spatial error correlation 0.2880 0.0640 4.5007 0.0000 ***
R-squared 0.9760

Significance codes: “*** 0.01 “** 0.05 ‘* 0.1. All continuous variables were log transformed.
Balanced dataset: 414 observations (114 control regions, 24 treatment regions, and 3 periods).
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Unobserved regional characteristics and spatial dependence. The estimated model is a reduced-
form representation of the complex interlinkages that drive income patterns. The statistical
procedure implemented to control for unobserved, spatially dependent factors helped the model
explain a significant proportion of the family and personal income variability observed across
regions (Fig 3) and periods (Fig 4) (R-squared values of 0.98 for both income indicators). The
estimates closely approximated the average spatial income patterns observed during the period
2001-2011 (Fig 3). As a comparison, usingonly the observed data (Xs) a regression analysis would
be only able to explain around 63% and 69% of the spatiotemporal personaland family income
variability. The high explanatory poweris common for spatial econometric models (e.g. Wheeleret
al. 2013). The estimated spatial error correlation parameters indicate low (0.10) and moderate
(0.29) spatial dependence amongunobserved factors in neighbouring regions influencing personal
andfamilyincome, respectively. However, this parameter was only statistically significant for family
income.
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Figure 3. Observedand estimated personal and familyincome (2001-2011 mean). Average personalincome:
observed (a)andestimated (b). Average familyincome:observed (c)and estimated (d).
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Figure 4. Contribution of spatial effects and unobserved heterogeneity in the modelling of median personal and family
income dynamics. Dashed diagonal lines indicate perfect fit between observed and estimated data.
Estimates based onlyon included explanatory variables (Xs)are shownin blue. Estimates based on

the Xs and the unobserved heterogeneity and spatial effects (Xs + spatial and random effects) are
shown in orange.

4.2 Employment multiplier effects of CSG activity

The results ofthe indirect employment analysisindicate thatemploymentin the Rental, hiring and
real estate services and the Professional, scientific and technical services industries were positively
associated with changes inemploymentinthe miningsector (includingnon-CSG mining) (Table 2).
However, when we assessed whether such effect was related to CSG activity (using the SUR-

instrumental variable model)we did not find statistical evidence ofjob multiplier effects related to
the CSG industry during the study period (Table 6).
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Table 6. Results of statistical analysis of CSG employment multiplier effects during the period 2001-2011.

Seemingly unrelated SUR - instrumental

Industry of employment regressions (SUR) variable regressions
coefficients coefficients
Agriculture 0.0047 0.0030
Manufacturing -0.0020 —0.0072
Electricity, gas, water and waste services 0.0219 0.0147
Construction 0.0002 -0.0027
Wholesaletrade 0.0017 -0.0128
Retail trade -0.0488 -0.0768
Accommodation and foodservices -0.0031 -0.0001
Transport, postal and warehousing 0.0009 -0.0072
Information media and telecommunications 0.0012 -0.0171
Financial and insurance services 0.0098 0.0039
Rental, hiring and real estate services 0.0401 0.0195
Professional, scientificand technical services 0.0195 0.0098
Administrativeandsupportservices -0.0052 -0.0129
Public administration and safety -0.0087 -0.0176
Education and training -0.0048 —0.0004
Health careandsocial assistance 0.0050 -0.0040
Arts and recreationservices 0.0151 0.0024
Other services -0.0017 -0.0009
McElroy-R2 0.0634 0.0446
Explanatoryvariable Log of the 2001-11 log of 2001-11
changein mining changein well
employment numbers

Number of observations: 24. Bold numbersindicate statistical significance atthe 10% level.
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5 Discussion

5.1 CSG development and regional income dynamics

Spatial econometric analysis allowed the estimation of the marginal effect of CSG activity observed
during the period 2001-2011 while controlling for the influence of other spatiotemporal factors
such as topographic and climatic characteristics and non-modelled regional differences that
influence income dynamicsinrural NSW. For instance, the unobserved regional heterogeneity may
include short-term economic impacts of the National Broadband Network rollout across the study
area, differences inaccesstoirrigationacross regions (Appendix A), and significant non-CSG mining
activityinsome regions (e.g. coal production). Statistically significant differences in median personal
and family income were detected between treatment CSG and control regions. These findings are
consistent with the income effects of the CSG construction phase in Queensland (Fleming and
Measham 2015).

The matchingprocedure based on population density generated covariates with similar distribution
among the treatment and control groups. The endogenous selection of treatment and control
groups sharing similar characteristics may explain the low marginal effects of most of the modelled
variables. We expected thatincreasesin precipitation would be associated with higherincome from
improved agricultural yields. The counterintuitive negative association detected between rainfall
and income may reflect the decreasing rainfall patterns observed during the Millennium drought
(1997-2012) (Heberger 2011) in a context of increasing household disposable income which
occurred mostly outside the farm sector (OECD 2017). The coefficients for the modelled human
capital indicators are consistent with past research showing positive returns of education onincome
and the patterns of life cycle earnings (income increasingatdecreasingrates as experience grows)
(Willis 1986; Blundell, Graber, and Mogstad 2015). Increases in minerals demand generating long-
lived price increases could result in new mining developments, expansion of existing projects,
increased exploration and expansion ofrelated infrastructure (Rolfe etal. 2007). The marginal effect
ofincreasesin mineral prices appears to be approximated by the positive and statisticallysignificant
coefficients of thermal prices (a variable highly correlated with the prices of other mining
commodities).

The number of CSG wells drilled peryearduringthe study period reached a maximumin 2009 (131
new wells drilled that year). Multiple factors motivated a decrease in CSG extraction that resulted
inlow levels ofdrillingactivity after2012 (Fig 5). The activity ofthe industry during the study period
was notstatistically associated with changes in employmentin othersectors. This resultis consistent
with the economic baseline assessment of official employment statistics documented in the
Milestone 2 report of this project (MeashamandFleming2017). We expectsimilarconclusions for
other secondary and tertiary socioeconomic impacts documented for other regions with
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comparatively large CSG activity (Rolfe et al. 2007; Measham and Fleming 2014; Marinoni and
Navarro Garcia 2016). However further research is needed to document such hypotheses.

While we tested fora potentiallinkage between CSG well density and income effects, the low spatial
andtemporal variability ofdrilling activity could explain the lack of statistical significance of the CSG
well density parameter. Most of the CSG wells drilled during the study period were concentrated in
a few SA2 regions—25% of the regions in the treatment group accounted for 74% of the total
number of wells—and the majority of the wells were drilled after 2006.

500

400

300

Wells

200

100

Q0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
——Wells peryear 10 8 9 8 24 34 21 70 30 131 65 20 5 9 16
Cumulative 10 18 27 35 59 93 114 184 214 345 410 430 435 444 460

Figure 5.CSG wells drilled per year and cumulative values.

The results show that statistical procedures to control for spatially dependent unobserved variables
associated with regional income dynamics help to generate more accurate marginal effect
estimates. The high explanatory power ofthe model can be usedto estimatedeviations from 2001
2011 trends in income indicators that could be attributable to future levels of CSG activity once
more data is available.

5.2 Limitations

We emphasise that the estimated models are a reduced-form representation of the complex
interlinkages thatdrive income and employment patterns. The statistical results inthis reportonly
indicate associations between the treatment (CSG activity) and the assessed economic outcomes
(medianincome levelandindirectemployment)underthe applied modellingassumptions. Acausal
inference analysis could help to betterapproximate the economic effect of the CSGindustryin the
study region (Law et al. 2017). Spatial dependence across regions in the study area was
approximated through a distance-based s patial weight matrix. This approach could be improved by
using data on the flow of trade between regions (Qu and Lee 2015) or estimates of available CSG
resources at the basin level.
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6 Conclusion

Rural economic development is influenced by complex political, institutional, economic and
environmental processes (Scoones 2009). While structural modelling of all those processes could
allow a robust assessment of the net effects of CSG development on rural economies, such an
exercise would be extremely data andresource intensive. As analternative we show that a spatial
econometric approach could help account for some of the main factors influencing rural income
dynamics and provide policy makers with more robust estimates of the socioeconomic effects
associated with the CSG industry. The statistical income analysisindicates thatthe CSG industryin
NSW was associated with higher medianpersonaland family income relativeto regions without CSG
presence duringthe period 2001-2011.The estimated income effectis net ofthe influence ofother
factors that are related to changes in rural income patterns (e.g. changes in climate impacting
agricultural profitability), human capital productivity (e.g. age and education) and returns to non-
CSG mining activity (e.g. changes in mineral prices). In contrast, no statistical evidence of job
multiplier effects related to CSG activity was found.

Further research is needed to assess the impacts and benefits that the CSG industry has during
differentstages ofdevelopment onregional economies (i.e. exploration, production, and retirement
of CSG wells). This could improve the robustness of projections of potential economic and
demographic changes associated with future CSG development.
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8 Appendix. Maps of explanatory variables.

8.1 Soil and topographic factors
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8.2 Climatic parameters
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MaxTemperature (degrees C, 5 year moving average)
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8.3 Socioeconomic indicators
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People Employed in Agriculture (% of total employed)
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People Employed in Manufacturing (% of total employed)
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